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ABSTRACT 

Context. Luminous and ultraluminous infrared galaxies (LIRGs and ULIRGs) are much more numerous at higher redshifts than 
locally, dominating the star-formation rate density at redshifts ~ 1 - 2. Therefore, they are important objects in order to understand 
how galaxies form and evolve through cosmic time. Local samples provide a unique opportunity to study these objects in detail. 
Aims. We aim to characterize the morphologies of the stellar continuum and the ionized gas (Ha) emissions from local sources, and 
investigate how they relate with the dynamical status and IR-luminosity of the sources. 

Methods. We use optical (5250 - 7450 A) integral field spectroscopic (IPS) data for a representative sample of 38 sources (31 LIRGs 
and 7 ULIRGs), taken with the VIMOS instrument on the VLT. 

Results. We present an atlas of IPS images of continuum emission. Ho- emission, and Ha equivalent widths for the sample. The 
morphologies of the Ha emission are substantially different from those of the stellar continuum. The Ha images frequently reveal 
extended structures that are not visible in the continuum, such as HII regions in spiral arms, tidal tails, rings, bridges, of up to few 
kpc from the nuclear regions. The morphologies of the continuum and Ha images are studied on the basis of the C2kjx parameter, 
which measures the concentration of the emission within the central 2 kpc. The C2A7JC values found for the Ha images are higher than 
those of the continuum for the majority (85%) of the objects in our sample. On the other hand, most of the objects in our sample 
(~62%) have more than half of their Ha emission outside the central 2 kpc. No clear trends are found between the values of C2kpc and 
the IR-luminosity of the sources. On the other hand, our results suggest that the star formation in advance mergers and early-stage 
interactions is more concentrated than in isolated objects. Pinally, we compared the Ha and infrared emissions as tracers of the star- 
formation activity. We find that the star-formation rates derived using the Ha luminosities generally underpredict those derived using 
the IR luminosities, even after accounting for reddening effects. 
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1. Introduction 

The advent of the new infrared (IR), sub-millimeter (sub- 
mm) and millimeter (mm) facilities such as for example 
the Spitzer Space Telescope, the Submillimeter (sub-mm) 
Common User Bolometer Array (SCUBA), and the Max- 
Planck Millimeter Bolometer (MAMBO) array, have made 
it possible to extend deep cosmological surveys from the 
UV/optical to the IR, sub-mm and mm wav e lengths (e.g. 
Hughes et al.' '1998'; 'Perez-Gonzalez et al.' '2005'; 'Copp in et alJ 
2006; Austermann et al. 2009; Lonsdale et al. 2009). These sur- 
veys revealed the presence of high-z galaxies with luminosities, 
morphologies and sizes consistent with those of the local lu- 
minous (LIRGs, 10" <LiR < IO12 Lo, LiR = 8 - 1000 pm) 
and ultraluminous (ULIRGs, Lir > IO'^Lq) infrared galaxies 
(e.g. Conselice et al. 2005). Follow-up studies of these high-z 



(U)LIRGs showed that a large fraction of these objects were ac- 
tively forming stars at redshifts 1-4. Furthermore, they domi- 
nate the star-formation rate (SFR) density at redshifts z > 1, and 
form a large fraction of the newborn stars at redshifts z ~ 1.5 
jPerez-Gonzalez et al.ll2005l) . 

A great effort has been made during the last years to 
study in detail the properties of L IRGs and ULIRGs in the 
■ ■ ■ ~ et.al. 2002; Dasvra et al. '20061 

Nardini et al] 



local universe (e.g. iTaccon 
Alonso-H errero et al.l 20061: 



Armus et al,, ,2007^ 



2010HClements et alJl2010l). and 
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at moderate redshifts (z 
Fiolet et al. 2009). These studies have provided us with some 
detailed information about the physical processes taking place 
in these objects. However, to have a comprehensive picture of 
how galaxies form and evolve from the distant to the local uni- 
verse we need detailed studies of (U)LIRGs kinematics, internal 
structure, stellar populations and excitation conditions. These 
detailed studies require high S/N two-dimensional spectroscopic 
information with both high angular and spectral resolutions. 
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Up to date, optical and near-IR IFS studies of local 
(U)LIRGs have usually concentrated on individual objects (e.g. 
Colina et al. 1999; Arribas et al. 2001; Garci'a-Marin et al. 2006; 
Bastian & GoodwinI l2006t iBedregal et alJ 120 09: Lipari et al. 
2009b.ai") or relatively s mall samples dColina et al., ,2005i: 
Monreal-Ibero et a l] |2006l; iGarcfa-Marm et alj|2009bh . To rem- 



all the objects discussed here. Here, we revisit this classification 
and describe in detail the criteria and the datasets used (see also 
Paper IIV 



edy this situation we are carrying out a program with the aim 
of studying the internal structure and kinematics of a large (~ 
70), representative sample of LIRGs and ULIRGs using several 
optical and near-IR integral field spectroscopic facilities. 

This is th e third of a ser i es of studies based on VLT-VIMOS 
observations. lArribas et al.l 12008), hereafter Paper I, presented 
the sample, data reduction and analysis techniques, as well as 
preliminary results obtained for two individual sources, IRAS 
F06076-2139 and IRAS F121 15-4656. A detailed study of the 
ionization in the extra-nucl ear extended regions can be found in 
iMonreal-Ibero et a D (I20T0I) . hereafter Paper II. 

In this paper we present an atlas of reconstructed maps of 
continuum. Ha line emission flux and Ha equivalent width (Ha- 
EW) tracing the stellar component, the ongoing star-formation 
activity and the presence of ionizing shocks or an active galactic 
nucleus (AGN). We also perform a basic structural analysis of 
these images and look for trends and correlations between the 
morphological properties of the objects and other properties of 
LIRGs/ULIRGs. Finally, we compare the Ha and IR luminosi- 
ties as tracers of the star-formation activity. 

Throughout the paper we will consider Hq = 70 
kms-'Mpc-', = 0.7, Qm = 0.3. 

2. The VIMOS sample: observations, data reduction 
and line fitting 

2.1. The sample 

The IFS (U)LIRG survey is a large program that started with the 
aim of studying the 2D-internal structure and kinematics of low- 
z LIRGS and ULIRGs. The survey was carried out using integral 
field spectroscopic facilities in both t he northern (INTEGRAL, 
[Arribas et al. 199 8|; PMAS. iRofli et al. 2005) and the soufliern 
(VIMOS, Le Fev re et all 120031: SINFONI. iBonnet etal.ll2004 
hemispheres, and includes ~ 70 sources. The VIMOS sample 
discussed in this paper contains a total of 38 galaxies, which are 
listed in Table 1. Thirty one of these galaxies are classified as 
LIRGs. The LIRG subsample is drawn from the IRAS Revised 
Bright Galaxy Sample (RBGS. ISanders et ani2()03D . and has a 
mean redshift of 0.024. The other seven objects in the sample 
are classified as UL IRGs, and were selecte d from the IRAS 1 Jy 
sample of ULIRGs (Kim & Sanders" 1998), the RBGS, and from 
the HST/WFPC2 snapshot sample (ID 6346 PI: K.Borne). The 
ULIRG subsample has a mean redshift of 0.069. Possible biases 
owing to the higher redshifts of the subsample of ULIRGs are 
discussed later in the paper. 

The VIMOS sample is not complete either in luminosity or 
distance. However, one of the aims of our project was to inves- 
tigate how the properties of (U)LIRGs correlate with the differ- 
ent morphologies of the objects. Therefore, since the VIMOS 
sample is certainly representative of the different morphologies 
within the (U)LIRG phenomenon, it is adequate for the purposes 
of this work. 



2.2. Morphological classification 

We use here the simple morphological scheme defined in Paper 
I. In that paper a preliminary classification was presented for 



The lArribas et al. (2008 !) scheme is a simplified version of 
that proposed by FVeiUeux eTal] (|2002|) for ULIRGs, but with 
only three morphological classes instead of the five classes (plus 
four subclasses) presented in Veilleux et al. (2002). In particular, 
the three different morphological classes considered are 

- Class 0: objects that appear to be single isolated objects, with 
a relatively symmetric morphology and without evidence for 
strong past or ongoing interaction. 

- Class 1: objects in a pre-coalescence phase with two well 
differentiated nuclei separated a projected distance of D 
> 1.5 kpc. For these objects, it is still possible to iden- 
tify the individual merging systems and their correspond- 
ing tidal structures due to the interaction. The limit of 
1.5 kpc was considered taking into account that theoreti- 
cal models predict a fast coalescence p hase after the nuclei 
become cl oser than th at distance (e.g. Mihos & HernquistI 



2006h . 



1996; Ben do & Barnesl l2000: Naa b et al. 
- Class 2: objects with two nuclei separated a projected dis- 
tance of D < 1.5 kpc or single nucleus with a relatively asym- 
metric morphology suggesting a post-coalescence merging 
phase. For objects classified as Class 2, it is not possible to 
individually identify the interacting systems. 

Table 1 shows the morphological classification for all the ob- 
jects discussed in this paper For this classification we have used 
the Digitized Sky SurvejQ. At this stage it is worth mentioning 
that any morphological classification is to some extent a matter 
of personal choice. With that in mind the objects in our sample 
were classified independently by three of us. The level of agree- 
ment was substantially high (we agreed except for three objects). 
Finally, note that some objects in Table 1 have more than one 
morphological classification assigned. These objects were par- 
ticularly hard to classify. The preferred morphological classifi- 
cation is indicated in the first place. 

2.3. Observation data reduction and line fitting 

A detailed description of the observations, data reduction and 
line fitting techniques can be found in Paper I. To summarize, the 
observations were carried out in service mode during periods 76, 
78 and 8 1 using the Integral Field Unit of the VIMOS instrument 
(Le Fevre et al. 2003), on the Very Large Telescope (VLT), with 
the high-resolution mode "HR-Orange" (grating GG435). The 
field of view (FOV) and the spatial scale in this mode are 27 
arcsec x 27 arcsec and 0.67 arcsec per fiber respectively (i.e., 
40 X 40 fibers, 1600 spectra). A square four-pointing dithering 
pattern was used, with a relative offset of 2.7 arcsec (i.e. four 
spaxels). The exposure time per pointing was in the range 720 - 
850 seconds and therefore, the total integration time per galaxy 
is 2880 - 3400 seconds. 

The data were reduced with a combinations of the pipeline 
recipe Esorex (versions 3.5.1 and 3.6.5) included in the pipeline 
provided by ESO, and a series of IDL and IRAF customized 
scripts. Esorex was initially used to perform the basic data reduc- 
tion (bias subtraction, flat field correction, spectra tracing and 
extraction, correction of fiber and pixel transmission and rela- 
tive flux calibration). Then, the four quadrants per pointing were 



' http://archive.stsci.edu/dss (DSS) images, which are available for 
all the sources in our sample, along with the HST images in the archive 
for the 21 of the sources for which these images are available 
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Table 1. General properties of the (U)LIRGs in the VIMOS sample. Column (1): object designation in the IRAS Faint source cat- 
alogue (FSC). For the four sources that are not in the FSC, the identification in the IRAS Point source catalogue (PSC) is given, 
which has no prefix 'F'. Column (2): other name. Columns (3) and (4): right ascension (hours, minutes and seconds) and declina- 
tion (degrees, arcminutes and arcseconds) from the IRAS FSC. The exceptions are IRAS 08355-4944, IRAS F08424-3130, IRAS 
09022-3615 and IRAS 121 16-5615, for which the positions are taken from the IRAS PSC. Column (5): redshift of the IRAS sources 
from the NASA Extragalactic Database (NED). The references for the redshift valu es are given in Column (6). REFERENCES .- 
1: ,da Costa et al. (1991.) 2: T he HI Parkes All Sky Su rvey Catalogue (HIPAS). 3 : Ide Vaucouleurs et alJ ^ 



i: ,da (Josta et al. ( i^b)!.) . 2: ine HI Farkes All : ^J<:y :^u rvey Catalogue (Him:^). 
(Il983h. 5:IStrauss etalJ (ll992h. 6 : iLaubertset all (1 19791) 7:lChamarau x et al l ( [l99 




Huchra et al.' ('1992 |). 14: iPimbblet et d] 



10: Ide V aucouleurs et al.' ('1976'). 11: 'Jones et al.' ("200 91). 12: iKaldare et al. l , . 

(120061). 1 5: Visvanathan & Yamada ( 1996). 16: Shier & Fisched (Il998l) . 17: Martin et al. ( 1978). 18: Mathew son et all (Il992l) . 19: 
iHwang et al.i (2007). Column (7): luminosity distances assuming a ACDM cosmology with Hq = 70 kms~'Mpc ~\ Qm - 0.7, Qm = 
0.3 and using the Edward L. Wright Cosmology calculator, which is based on the prescription given by WrighH (120061) . Column (8): 
scales. Column (9): infrared lumin osity (Ljk) - 10 00 fim), in units of solar bolometric luminosity, calcula ted using the fluxes 
in the four IRAS bands as given in'Sa nders et al.l (l2003l) when available. Otherwise, the standard prescription in lSanders & Mirabell 
119961) with the values in the IRAS Point and Faint source catalogues (Moshir & et al. 1990) was used. Column (10): Morphology 
class. For those objects for which the morphological classification is controversial, the various possible classes are shown in the table 
(see text for details). Column (11): nuclear optical spectroscopic classification. H: HII galaxy, L: LINER, S: Seyfert 2 and Colum n 
(1 2): References for th e sp ectroscopic data. RE FE RENCES.- l:rv^il leux et al. ( 1995). 2: Due etan(ll997h . 3: IVeilleux etan(ll999l) . 
4: lKewlev et"an(l200ll) . 5:'Corb ett 61^0 (12003'). 6: 'van den Broek et all (1 199 1 ). 7: Lfp ari et alJ fcoOOl) 
" The morphological classification of these objects has been modified with respect to that of Paper I. 

In Paper I these four objects were named using the designation in the IRAS Point source catalogue. For the work presented here 
we decided to use the designation in the IRAS Faint source catalogue. This includes the prefix 'F' and a slightly different sequence 
of numbers. 

These objects, although not presented in Table 1 in Paper I, were observed and eventually included in our VIMOS sample. 



reduced individually and combined into a single data-cube as- 
sociated to each pointing. The final "super-cube" per object was 
generated combining the four independent dithered pointings, 
containing a total of 1936 spectra. 

During the reduction process, we observed vertical patterns 
over the entire FOV in the cases of IRAS F10567-4310 and 



IRAS F17138-1017, which affected only the regions of the spec- 
tra with relatively low S/N. These patterns were still present after 
the flat field reduction. With the aim of correcting for this effect 
we tried to perform the flat-field correction with flat-field expo- 
sures taken on different observing nights. Unfortunately, this at- 
tempt failed and the vertical patterns are visible in the final data 
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cubes of these two objects. On the other hand, the data cube of 
IRAS F12596-1529 showed "zig-zag" vertical patterns within a 
region to the east of the VIMOS FOV. In this case these vertical 
patterns are caused by an incorrect fiber tracing during the re- 
duction process. With the aim of correcting for this effect we first 
used the approach of changing some of the input parameters of 
the recipe vmifucalib during the reduction, such as, for example, 
the "MaxTraceRejection" parameter, which sets the maximum 
percentage of rejected positions in fiber spectra tracing. In addi- 
tion, we also ran the recipe vmifucalib with a fiber identification 
file and with the "blind" fiber identification method (i.e. with- 
out a fiber identification file). Finally we tried to create the final 
"super-cube" using three of the four independent dithered point- 
ings, leaving out the pointing for which the presence of the pat- 
terns was more important. Unfortunately, none of these attempts 
was entirely successful and the best resulting reconstructed maps 
for this galaxy are shown in Figure 1 . 

The wavelength calibration and the fiber-to-fiber transmis- 
sion correction were checked using the [O I]/16300.3 A sky line. 
Because we are going to concentrate on a wavelength range 
around the Ha and the [N II]/i/l6548. 1,6583.4 A emission lines, 
the [O I]/16300.3 A sky line is suitable because of its proxim- 
ity to these lines. In order to give an estimate of the absolute 
wavelength calibration accuracy and the spectral resolution for 
the sample as a whole, we first fitted the [O I]/16300.3 A sky 
line to a single Gaussian profile for all spectra of each individual 
source, obtaining a central wavelength and a FWHM value of the 
sky line for each object. Then, we calculated the mean of these 
values, obtaining representative values for the whole sample of 
6300.29 + 0.07 and 1.80 ± 0.07 A. It is worth mentioning 
that the spectral resolution is fairly uniform over the entire FOV 
for all the objects in the sample. In addition, [O I]/16300.3 A flux 
values were also obtained from the fit. These values were used to 
derived and correct flat-field residuals affecting the fiber-to-fiber 
flux calibration. 

Because this study is focused on the ionized gas and stel- 
lar structure, it is important to assess the uncertainty associated 
to the relative flux after the calibration. With that in mind, we 
decided to perform the following test for all the galaxies in the 
sample. We first measured for each spaxel and individual point- 
ing the median of the flux within a "clean" (i.e. with no emis- 
sion/absorption lines) region of the continuum. We then calcu- 
lated the mean and the standard error of the mean (SE) for the 
values associated to the four dither pointings. The SE was cal- 
culated assuming a normal distribution, i.e. SE - cr/ yfN, where 
cr and N are the standard deviation and the sample size respec- 
tively. In this case N = 4, corresponding to the four flux values 
considered. At this stage, we were able to associate a flux per- 
centage error to each point observed in the selected area. We 
define as the typical percentage error associated to the flux for 
a certain object as the sum of all the flux percentage errors ob- 
tained for each spaxel in the frame divided by the total number 
of spaxels considered for the analysis (i.e. leaving out the bad 
spaxels). 

Column 2 in Table 2 presents the typical percentage errors 
for all galaxies in our sample. We find values ranging from 
of 3.7% in the case of IRAS F10015-0614, to 21% for IRAS 
F10038-3338, with a mean and a median value for the whole 
sample of 12% and 11% respectively. Figure 2 shows the out- 
puts of flie test for the particular case of IRAS 1 3229-2934 (NGC 



^ This is in good agreement with its actual value (6300.304 A 
lOsterbrock et alll996h 



5135). Figure 12^ shows the ratio between the standard eiTor of 
the mean (SE) and the mean value of the flux per spaxel plot- 
ted against the mean value of the flux per spaxel. Figure |2j5 is 
an histogram showing the flux percentage error distribution. Is 
obvious from this figure that the majority of the spaxels have a 
typical percentage eiTor lower than 20%. We find that the typical 
error associated to the flux in this case is 9.8%. 

The emission lines from each galaxy were analyzed by fitting 
them to Gaussian profiles with the MPFITEXPR code, which 
was implemented by C.B. Markwardt in the IDL environment 
This algorithm allows us to fix wavelength differences and line 
intensity ratios according to atomic parameters when adjusting 
multiple emission lines (e.g. the Hq'-[N n] complex). As a first 
approach, we fitted automatically all lines to single Gaussian 
profiles, which produced adequate fits in most cases. However, 
for certain regions of the galaxy, a multi-component fit with two 
or even three components per line was required in order to ad- 
equately fit the data. This was the case for 13 of the 38 sources 
included in this study. These multiple components are frequently 
concentrated in the nuclear regions of the galaxies and only ex- 
tend few spaxels. The exceptions are IRAS F043 15-0840, IRAS 
F14544-4255(E), and IRAS F23128-5919, where double com- 
ponents are visible extending over 12 kpc through the body of 
the galaxy. It is worth mentioning that the spatial identification 
of the different components can be done unambiguously because 
they usually have rather different kinematic properties. A de- 
tailed discussion of the properties of these secondary compo- 
nents is beyond the scope of this paper and will be addressed in 
future publications. For those cases with several kinematic dis- 
tinct components, the Ha and the EW maps in Fig. 1 refer to the 
systemic component, whichh is usually extended over the entire 
body of the system. By default the same line width was consid- 
ered for all lines of a spectrum. For each emission line we ended 
up with the following information: central wavelength, FWHM, 
and flux intensity. Finally, we used these magnitudes and the 
spatial position of each spaxel to generate an image (a map) that 
can be treated as a standard image of a galaxy. 



3. The atlas of VIMOS continuum, Ha and Hor-EW 
maps 

Figure 1 shows DSS or HST images (for the galaxies with HST 
images available in the archive), as well as the VIMOS images 
for all galaxies in our sample. The second panel shows the con- 
tinuum images created by simulating a filter covering the spec- 
tral range 6390 - 6490 A (rest frame). When generating these 
images, we selected a 2cr lower cut as a threshold to distinguish 
galaxy from background, where cr was the root mean square 
(rms) of the flux in a region of our FOV free from galaxy emis- 
sion. The 2cr lower cut was selected based on a detailed compari- 
son between the VIMOS continuum images and the coiTespond- 
ing DSS and/or HST images of the galaxies (i.e., after applying a 
2cr lower cut to our VIMOS continuum images these adequately 
traced the structure observed in the SDSS and/or HST images). 

The third panel in the figure shows the ionized gas emission 
from the galaxies, as traced by Ha. The lower limit for the Ha 
images was selected on the basis of the fit to the emission line. 
Only those regions were the S/N ratio was sufficiently high to 
perform the fit were used for the figure. The regions with negli- 
gible or no signal and some bad spaxels have been cleaned using 
either customized IDL routines or the routine IMEDIT in IRAF. 



^ available at jhttp://purl.com/net/mpfit| 
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Fig. 2. Example of the test performed to estimate the error percentage associated to the relative flux for the particular case of IRAS 
13229-2934. Left: standard error of the mean (SE) plotted against the mean value of the flux per spaxel. Right: percentage error 
distribution. We find that the typical error associated to the flux in this case is 9.8%. 



In addition, the forth panel in Fig. 1 shows the Ho' equivalent 
width (EW) in units of Angstroms. 

As mentioned in Sect. 2.3, the data cubes of IRAS F10567- 
4310 and IRAS F17 138- 1017 showed vertical patterns over 
the entire FOV, which are only important if the S/N is low. 
Therefore, although they affect the morphology of the continuum 
(and the corresponding Hc-EW) images, they have no effect on 
the Ha emission maps shown in Fig. 1 . On the other hand, the 
vertical patterns observed in the case of IRAS F12596-1529 are 
caused by an incorrect fiber tracing during the reduction process 
(see Sect. 2.3 for details), and affect both the continuum and the 
Ha images. 

The continuum images mainly trace the stellar light from the 
galaxy, while the Ha images trace the star-formation activity, 
or the presence of ionizing shocks, or an AGN. In this context. 
Paper II shows that some of the objects in our sample have line 
ratios consistent with ionization by shocks, mainly concentrated 
in the extended regions (see the paper for details). However, the 
study presented in Paper II excludes the nuclear regions of the 
sources, which can be potentially contaminated by AGN emis- 
sion. In order to give an idea of the importance of the AGN emis- 
sion among the objects in our sample. Col. 9 in Table 1 shows 
the nuclear spectroscopic classification (when available) for the 
objects in our sample. As shown in the table, only ~ 17% of the 
objects in our sample with nuclear, optical spectroscopic classi- 
fication (5 of 29) are classified as Seyfert galaxies, i.e. the AGN 
contributes significantly at optical wavelengths. In addition, one 
object is classified as LINER and five as ambiguous (Hll/Sy, 
HII/LINER or HII/LINER/Sy). For these objects, the AGN con- 
tribution to the optical emission is less certain. Overall, ~ 66% 
of the objects in our sample with nuclear, spectroscopic classifi- 
cation in the optical (19 of 29) are classified as Hll-like galaxies. 
Therefore, although AGN emission might still contribute to the 
optical light from these sources, their continuum and nuclear Ha 
emissions are dominated by stellar light and recent/ongoing star- 
formation activity respectively. 

4. Morphology of the stellar and ionized gas 
emissions and EW(l-la) maps. 

The continuum and the Ha emission images show morphologies 
that are substantially different for the overwhelming majority of 



the sources. The Ha images usually reveal clumpy, extended 
structures that are not visible in the corresponding continuum 
images. For example, although ring structures are not observed 
in the continuum images, they are clearly visible in the Ha im- 
ages for some LIRGs in our sample, such as IRAS F01159- 
4443S, IRAS F06076-2139, IRAS Fl 1506-3851, IRAS F12043- 
3140S and IRAS F121 15-4656. The presence of such rings for 
some of these LIRGs has already been reported in t he past 
by ot her authors (e.g.j Alonso-Herrero et al. 2002; Hatto ri et al.l 
2004: Ra mpazzo et al.l2005l:IAlonso-Herrero et al.i2006l) . These 
structures are usually relatively symmetric and centered on the 
nucleus of the systems. In most cases they are located in the 
circumnuclear region, although in the case of IRAS F11255- 
4120 the ring extends up to ~4 kpc away from the nucleus of 
the galaxy. In addition, the Ha images of some sources also 
show other extended tidal structures such as bridges (e.g. IRAS 
FOl 159-4443), tidal tails (e.g. IRAS F10409-4556) or spiral 
arms (e.g. F01341-3735N, IRAS F10567-4310, IRAS F21453- 
351 1 or IRAS 07027-601 IN), that extend up to few kpc (~3 - 4 
kpc) from the nuclear region of the galaxy. Is also interesting the 
case of IRAS F01341-3735S (ESO-297-G012), where the Ha 
emission extends a long the galaxy minor axis. As suggested by 
Dopita et al. ( 2002), it is possible that in this galaxy the nuclear 
starburst is blowing out gas in the polar direction, similar to the 
case of M82. Overall, the different morphologies between the 
stellar and ionized gas emission are explained in terms of bright, 
extranuclear star-formation activity along the tidal tails or the 
spiral arms and/or ionizing shocks in the extra-nuclear extended 
regions (Colina et al. 2005, Paper II, and references therein). 

It is also interesting to study the morphology of the EW im- 
ages shown in Fig. 2. In some cases, these images help to trace 
the extended structures seen in Ha emission. For example, a ring 
of star formation is inferred from the Ha image in the case of 
IRAS 121 15-4656, but clearly emerges in the corresponding EW 
image of the galaxy. In general, these images often show regions 
with high (EW > 100 A) values that are associated to the large- 
scale structures seen in the Ha images (e.g. IRAS F06035-7102, 
IRAS Fl 1255-4120 or IRAS F21453-351 1). In Paper II we car- 
ried out a study of the different ionization mechanisms for the 
LIRGs within our sample. We found log [Nu]/16583/Ha values 
substantially lower than - 0.2 in the majority of the cases, con- 
sistent with photoionzation by stars (see Paper II for details). 
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Fig. 3. Histograms showing the distribution of the offsets, in kpc, 
between the high surface brightness peak of continuum and the 
Ha emission for the objects shown in Fig. 1. 



Using the Leitherer et al. 1999 models for solar metalicity, in- 
stantaneous starburst and Salpeter 1955 IMF, these large EW 
values correspond to stellar ages of t ; 6 Myr 

4.1. Implications for long-slit spectroscopic studies 

Up to date, most of the spectroscopic studies of LIRGs 
and ULIRGs hav e used long slit observations (e.g . 
Veilleux et a ll [T999t iKewlev et all I2001I: ICorbett et alJ I200I 
Rodriguez Zaurm et al. I I2009h . In these studies, the position 
of the slit is usually selected to cover the brightest regions 
of the galaxies observed in continuum emission. However, 
as discussed before, the Ha morphologies are substantially 
different than those of the continuum for the majority of the 
objects in our sample. 

Our IFS dataset allows us to investigate some caveats asso- 
ciated to long slit spectroscopic studies. For example, positional 
uncertainties of the slit may lead t o a miscl assification of the op- 
tical spectrum of the sources (e.g. lArribas et al. 2000). With that 
in mind, we first compare the location of the surface brightness 
peaks in the continuum and the Ha maps. The surface brightness 
peaks are determined using the IRAF routine PHOT with a cen- 
troid algorithm, that determines the location of the peaks com- 
puting the intensity weighted means of the marginal profiles in 
X and y. Column 3 in Table 2 shows the offsets, in kpc, between 
the peaks of the continuum and the Ha emission (offset^™'), and 
Figure [3] is an histogram showing the distribution of such off- 
sets. For the purpose of the figure the individual nuclei in dou- 
ble or triple systems have been considered separately. The figure 
shows that for the majority of the objects (41 of the 51 indi- 
vidual sources considered) the peaks of the stellar and the ion- 
ized gas emissions are separated by less than 1 kpc. The median 
offset^^" value for the whole sample is 0.2 kpc. Note that 10 
sources (~ 20%) show peak separations higher than 1 kpc. Some 
extreme cases are the LIRG IC564 and the ULIRG IRAS 21 130- 
4446. The former has the peak of the Ha emission ~6 kpc to the 
east from peak of the continuum emission. In the case of IRAS 
21130-4446, the peak of the continuum is located to the north 
of the system, while the maximum Ha emission is shifted ~4 
kpc towards the south, coinciding with the central region of the 
system. 



In addition, we can also estimate the amount of flux that falls 
outside the slit for the typical slit-width values used in previous 
long-slit studies. With that in mind we used our Ha images and 
simulated a slit of a width of 2 arcsec at parallactic angles (PA) 
0° and 90°, crossing the galaxy through its center, defined as the 
peak of the continuum emission. The fraction of the observed Ha 
flux within the slit is shown for each galaxy in Col. (3) in Table 
3. For those objects with double nucleus structure, for which 
is not possible to study the individual sources separately (e.g. 
IRAS F06035-7102), the slit is centered on the brightest nucleus 
in the continuum. If we concentrate in the slit PA that includes 
the larger fraction of the observed Ha emission for each galaxy, 
we find that the percentage of the flux outside the slit is in the 
range 17-90%, with mean and median values of 59% and 61%. 

This result is important when addressing the long-standing 
issue of whether or not optical observations can penetrate to the 
main power source of the IR luminosity. If we aim to compare, 
for example the star-formation rates (SFRs) obtained using the 
Ha and IRAS IR luminosities, our results suggest that using the 
Ha luminosities derived from long-slit studies would substan- 
tially underestimate the value of the optical SFRs. We will come 
back to this in the following section. 

4.2. The concentration of the continuum and the Ha 
emissions 

With the aim of further investigating the morphologies of the 
images shown in Fig. 2 we defined the parameter C2kpc as the 
ratio of the flux contained within an aperture of 2 kpc diameter 
centered on the nucleus of the object, and the total flux from the 
galaxy within the same physical region for all the galaxies in our 
sample (6 kpc x 6 kpc): 



C2kpci6kpc) = 



flkpc 
fbkpc 



(1) 



The objects in our sample expand over a wide range of red- 
shifts, and therefore, the physical scale covered by the 27 arcsec 
X 27 arcsec VIMOS FOV can be substantially different from one 
object to another. In order to avoid possible biases in our results 
caused by such an effect, we measured C2kpc within the same 
physical region for all the objects in our sample used for this 
study. We selected a region of 6 kpc x 6 kpc, which is the FOV 
of IRAS F10257-4339 and the minimum FOV covered among 
the objects in our sample. The C2kpc values for the continuum 
(Cjj"/^) and the Ha (C^"^) images using a physical region of 6 



^Ikpc 



kpc X 6 kpc are shown in Col. 4 and 5 in Table 3 and used for 
Fig. 4 and 5. However, for some of the more distant and ex- 
tended galaxies, a 6 kpc x 6 kpc region covers a small fraction 
of the total extension from the galaxy within our VIMOS FOV. 
Therefore, with the aim of using the full information within our 
dataset we also measured C2kpc using the total, integrated flux 
within the entke VIMOS FOV: 



C2kpc{allF0V)^ 



flkpc 



fiall FOV) 



(2) 



The results are shown in Col. 6 and 7 in Table 2. As seen in 
Fig. 1, the extended emission for an important fraction of our ob- 
jects (~65%) is not entirely covered by the entire VIMOS FOV. 
Therefore, even the C2kpc values obtained using the VIMOS 
FOV are, in general, upper limits. On the other hand, because 
we have not connected for reddening effects, if the extinction is 
much higher on the nuclear regions than in the external regions, 
C2kpc would be lower limits. 
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The two nuclei of IRAS 08424-3130 and the brighter, west- 
ern source of IRAS F12596-1529 fall close to the edges of the 
VIMOS images and it is not possible to measure the flux within 
an aperture of 2 kpc in diameter In addition, in the case of IC 564 
(the northern galaxy of the double system IRAS F094374-0317), 
two pointings were used during the observations of this galaxy. 
Therefore, it is not possible to adequately estimate C2kpc- No 
values for the continuum and the Ho' images are presented for 
these three objects in the table. On the other hand, the low S/N 
of the IRAS FOl 159-443 and IRAS F06295-1735 continuum im- 
ages, the vertical patterns in the cases of IRAS F10567-43 10 and 
IRAS F17138-1017 and important contamination by stars in the 
field in the case of IRAS Fl 8093-5744 prevents any attempt to 
measure C!;?"' for these five sources. 

2k pc 

Note that for some objects that are morphologically classi- 
fied as 1 (interacting galaxies), it is not possible to infer C2kpc 
for the individual sources separately. Then the C2kpc values pre- 
sented in the table are obtained centering the 2 kpc aperture 
on the brightest nucleus in the continuum. These sources are 
the LIRGs IRAS FOl 159-4443, IRAS F06076-2139 and IRAS 
F08520-6850 and the ULIRGs 06035-7102, IRAS F06206- 
2139, IRAS F22491-1808 and IRAS F23128-5919. Although 
the 2 kpc aperture is centered on the brightest nucleus, a sub- 
stantial fraction of the emission from these systems still falls 
outside the aperture, more so for the ULIRGs. Possible biases in 
the general results owing to this effect will be discussed below. 



1.0 
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Fig. 5. Concentration C^"^^. plotted against the log of the IR lu- 
minosity (Lir). Symbols are the same as in Fig. H] The error 
bars correspond to the formal errors shown in Table 2. There are 
seven open stars that correspond to those objects classified as 1, 
for which is not possible to infer C^"^^ for the individual sources 
separately. See the text for further details. 
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Fig. 4. Ratio between the concentration C2kpc for the Ha and the 

continuum emission plotted against the log of the infrared lu- 
minosity Lir. Note that there are three points with Lir < 10" 
Lq. These are IRAS F01341-3735N (ESO-297-G01 1), IRAS 
F09437-0317S (IC563) and IRAS F18093-5744S (IC4689). For 
these multiple systems at least one of the individual galaxies falls 
outside the LIRG luminosity range. The points are labeled on the 
basis of our morphological classification. Type 0: blue squares. 
Type 1: black stars. Type 2: red circles. 

In the first place, we compared the values obtained for the 
continuum and the Ha images. Figure |4] shows the ratio be- 
tween Cf^J,^ and q°'^'^. For IRAS F01341-3735, IRAS F09437- 
0317 and IRAS F18093-5744, the entire system has a Lir > 
lO" Lq. However, the results of Surace et al. (2004) show that 
at least one of the individual galaxies of these multiple nuclei 
systems falls outside the LIRG luminosity range, and there- 



fore, there are points in the figure below the LIRG threshold 
(log (Lir/Lq) = 11). Figure |4] shows that the fraction of the Ha 
emission from the central 2 kpc is higher than that of the con- 
tinuum for 85% of the sources used for the figure (33 of 39). 
The C2k"pc values are in the range of 0.11 - 0.54 with a me- 
dian value of 0.27, while values in the range of 0.11 - 0.81 are 
found for C^*^^, with a median value of 0.39. The six objects 
with C^^pJC'°^"p, values lower than 1 .0 are IRAS F07027-601 IN, 
IRAS F09437-0317S, IRAS F10015-0614, IRAS F10409-4556, 
IRAS Fl 1506-3851 and IRAS F22132-3705. Interestingly, the 
majority of these sources show Ha morphologies that are sub- 
stantially different from those of the continuum. For example, 
the Ha image of IRAS F07027-601 IN shows a chain of knots 
embedded within the main body of the galaxy that is separated 
~3 kpc from the nucleus and extends towards the southwest of 
the galaxy. Comments on this and the other sources can be found 
in appendix A. 

On the other hand, note that ~52% of the individual sources 
used for this study (23 of 37) have more than half of their 
Ha emission outside the central 2 kpc (this becomes 62% 
when using the entire VIMOS FOV). In principle, this re- 
sult emphasizes the importance o f the extended star-formation 
acti vity in (U )LIRGs (see also lAlonso-Herrero et aL I I2OO6I: 
Gar cfa-Marm et al. 2009b a). However, it is worth mentioning 
that we have not corrected for reddening effects, which are usu- 
ally more important towards the nuclear regions of these objects. 
Because reddening effects are expected to be important for ob- 
jects such as LIRGs and ULIRGs, it is likely that the fraction of 
the Ha emission within the central 2 kpc of the sources is, once 
corrected for extinction, larger than the values shown in Table 2. 
Indeed, ground-based mid-IR studies, which are less affected by 
extinction, indicate that at least in ULIRGs without evidence for 
an AGN, the star formation activity is concentrated within the 
central kpc (Soifer et al. 2000, 2001), while in a large fraction of 
LIRGs, the MIR emissio n appears to be extended over a few kpc 
dPfaz-Santos et al.ll2008h 
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Fig. 6. Reddening coefficient E{B - V) for those objects with 
nuclear spectroscopic data available in the literature, plotted 
against the IR luminosities of the sources. See Sect. 5 for details 
on how the E{B - V) were calculated. The bar in the bottom- 
right of the plot represents the error associated with the E{B - V) 
values. 

4.3. C^"p^ i/s fhe infrared luminosity and the morphological 
class 

We investigate in this section whether the more luminous ob- 
jects have the star-formation activity more concentrated towards 
the nuclear regions. Figure |5] shows C^'^^ plotted against the 
log of infrared luminosity of the sources (Lir). The open stars 
correspond to those objects morphologically classified as 1, for 
which is not possible to infer C^'^^ separately for the individual 
sources. Note that the four ULIRGs in our sample classified as 
1, located in the bottom right of the figure, fall within this group. 
As described before, in these cases we center the 2 kpc aper- 
ture on the brightest nucleus, but most of the emission still falls 
outside the aperture. If we concentrate in the figure on the indi- 
vidual sources, no clear evidence for the presence of correlations 
between C^*^^, and Lir is found. The same conclusion is reached 

when using the C^"^^ obtained using the entire VIMOS FOV. 

A possible explanation for this apparent lack of correlations 
are extinction effects. It is possible that for objects with higher 
Lir the star-formation activity is indeed more concentrated in the 
nuclear regions. However, it is likely that they also have higher 
amounts of dust at these locations and therefore, the fraction of 
the observed Ho- flux within the central 2 kpc is not significantly 
higher than that of objects with lower infrared luminosities. In 
this context, Fig.|6]shows the E(B - V) values for those objects 
for which nuclear spectroscopic data are available in the litera- 
ture (see Sect. 5 for details), plotted against the IR luminosities 
of the sources. Although with some scatter, the results shown 
in the figure suggest that objects with higher luminosities tend 
to have higher nuclear E(B - V) values. The mean and median 
E(B - V) values for the LIRGs in our sample are 0.83 and 0.86, 
while these values are L24 and L08 for the ULIRGs. 

To further look for the presence of trends, we calculated the 
^2kpc median values for the different morphological classes. We 
find values of 0.37, 0.50 and 0.53 for objects classified as 0, 1, 
and 2 respectively (these values are 0.25, 0.39 and 0.51 when 
using the C^"^ values, in Col. 6 and 7 in Table 2). The seven 



objects for which it is not possible to estimate C^'jj^. for the in- 
dividual sources separately, and those with a controversial mor- 
phological classification have not been used when calculating 
these numbers. These results suggest that the Hq, emission from 
objects classified as 1 and 2 is more compact than for objects 
classified as 0. However, as seen in Fig. |5] where the points are 
labeled based on the different morphological classes, there is a 
large scatter associated with the values of C^"^^- Samples with 
a larger number of objects of each different morphological class 
are required to confirm this result. 

Consistent with previous studies we find substantial, ex- 
tended star-formation activity in objects without evidence of 
stro ng past or on going interaction (e.g. 'Hattori et al.' '2004i 
AIo nso-Herrero et al. 2006, 2009). Indeed, Hattori et al. (2004 
found that the majority of the objects in their sample with most 
of the Ha emission in the extended regions were single objects. 
It is possible that these objects have undergone some kind of 
perturbance in the past (e.g. minor merger). We are currently 
carrying out a 2D kinematic study of the galaxies in our sample 
that will help to investigate this possibility. 

5. The Ha emission as a tracer of star formation 

In this section we compare the ionized gas and the IR emis- 
sions as indicators of the star-formation activity. Col. (2) in 
Table 3 shows the values of the Ho- flux obtained for all galax- 
ies in our sample. All objects except for IRAS F06035-7102, 
IRAS F09437-h0317(IC563), and IRAS F10038-3338 were ob- 
served under photometric conditions, as observed in the Paranal- 
LOSSAM (Line of Sight Sky Absorption Monitor), which is 
used to determine the sky conditions, i.e. photometric, cloudy, or 
overcasfl For completeness, the values of the Ha flux for these 
objects are shown in the table, although they are not used for the 
analysis presented in this section. The values presente d in the 
table were corrected for Galactic reddening usi ng the HowarthI 
(1983) extension to optical wavelengths of the ISeatonI (Il979h 
reddening law, along with the E{B - V) values deri v ed fro m the 
far-IR based maps of extinction by ISchlegel et al.l (Il998h . The 
estimated uncertainty for the absolute fluxes presented in the ta- 
ble is ;20%. This value was estimated by comparing the re- 
sponse curves of the standard stars observed during each of the 
three observing periods. Then we calculated the "mean response 
curve" and the standard deviation from this curve for each in- 
dividual standard star The response curves are within an uncer- 
tainty of 20% of the mean through the entire useful wavelength 
range for all the standard stars observed. 

As a first approach we compare the SFRs obtained using the 
Ha luminosities (SFRh^), without reddening correction, and the 
IR luminosities (SFRir) o f the sources. To c alculate these values 
we used the calibration bv lKennicuttl(ll998h 

SFRh„(M0 yr-') = 7.9 x 10-^2 L^, (erg *-'), (3) 

SFRir(Mo yr-') = 4.5 x 10-^4 (erg s''), (4) 

where Lir is the IR luminosity integrated over the range 8 
- 1000 i-im. Figure [T] shows the log of SFRh,, plotted against 
the log of SFRiR. For the figure we also used the results of 
iGarcia-Marm et af] (l2009al) . based on optical integral field spec- 
troscopic observations of a sample of 22 ULIRGs. The circles in 
the figure correspond to the objects in our sample, while stars 

http://archive.eso.org/asm/ambient-server 
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Fig. 7. Log of the star-formation rates (SFR) in Moyr ' derived 
using the the Ha luminosity (SFRh,,), without reddening correc- 
tion, plotted against the log of the SFR obtained using the IR 
luminosities. We used the results of Garcia-Marm et al. (2009a) 
for the figure from their sample of ULIRGs. The circles corre- 
spond t o the objects in our sample, while stars correspond to ob- 
jects in iGarcfa-Marfn et alJ (l2009ah sample. Those objects clas- 
sified as Sy galaxies are indicated in the figure with open sym- 
bols. 



3.0 




0.0 0.5 1.0 1.5 2.0 2.5 3.0 
log(SFR„/Mayr-') 



Fig. 8. Same as Fig. |7] but the Ha luminosity has been corrected 
from reddening eff'ects. The nuclear E(B - V) values shown in 
Table 3 have been used for the objects in our sample (see text for 
details). On the other hand, a 2D reddening cor rection was ap- 
plied for the ULIRGS in the lGarcia-Marm et all (i2009al) sample. 
The AGN dominated source IRAS F05 189-2524 and all the ob- 
jects in our sample with unavailable Ha/H^ values are not used 
for the plot. 



correspond to objects in the iGarcia-Marm et aL sam- 
ple. Consistent with the results of iDopita et al. [(120017 the figure 
shows that the SFRs derived using the reddened Lh^ substan- 
tially underpredict those obtained using Lir. We find mean and 
median values for the ratio SFRh(,/SFRir of 0.08 and 0.06 re- 
spectively. In addition, objects classified as Sy galaxies are indi- 
cated in the figure with open symbols. The figure shows that with 
the exception of IRAS F05 189-2524, the few objects classified 
as Sy galaxies do not stand out from the others in the plot. 

The results shown in Fig. Q were, a priori, expected since 
objects such as LIRGs and ULIRGs are known to suffer severe 
extinction effects. In order to correct for these effects, we first 
estimated the reddening factor E(B - V). For this purpose, we 
used he Ha/H/S values available in the literature, along wit h the 
interstellar extinction law based on ISavage & Mathisl ( ll979l) . We 
assumed an intrinsic Ha/Hfi ratio of 2.85 for HII galaxies (typ- 
ical for Case B recombination d ecrement for Te ~10^ K and 
Ne -10"* cm-3) and 3. 10 for AGN (iFerland & Netzeill983h . Col. 
4 in Table 3 shows the measured E(B - V) values. 

Note that the E{B - V) values shown in Table 3 have been 
calculated using the Ha/H/3 ratios from the literature, which are 
based on long-slit spectroscopic observations. These observa- 
tions usually concentrate on the nuclear regions of the objects. 
However, reddening effects are more important in the nuclear re- 
gions, and decrease significantly towards the extended regions of 
the objects (Garcia-Marm et al. 2009a). Therefore, to correct for 
reddening effects, we have used the "nuclear" E(B - V) values in 
Table 3 to deredden only the fraction of the Ha emission within a 
slit of 2 arcsec width (typical slit width), which was estimated in 
the previous section and shown in Table 3. As described in that 
section, a slit PAs 0° and 90° was used for each galaxy. When 
correcting from reddening, the slit PAs that include the larger 
fraction of the observed Ha emission were used. To deredden 
the Ha fluxes we used the standard expression 



FiiA) = F„(A)10' 



p.4E(B-V)f(A) 



(5) 



where F,- and Fo are the intrinsic and the observed flux 
respectively, and f{A) is the reddening law. The total ob- 
served Ha emission for the galaxies is calculated as the sum 
of the reddening-corrected Ha emission within the slit plus 
the Ha emission outside the slit, not corrected for reddening. 
Although less important than in the nuclear regions, reddening 
effects are also present in the extended regions of the objects 
( Alonso-Herrero et al, 2009 ). Therefore, this approach will tend 
to underestimate the values of the dereddened SFRh^. However, 
since the reddening in the extended regions is usually substan- 
tially smaller than in the nuclear regions (Garcfa-Marm et al] 
2009at IXi onso-Herrero et al]l2009h . this underprediction is not 
expected to significantly affect the conclusions reached in this 
section. 

The log of the reddening-corrected SFRhb plotted against the 
lo g of the SFRiR is presented in Fig.|8] together with the results 
of iGarcia-Marin et all (l2009al) for their sample of ULIRGs. The 
AGN-dominated source IRAS F05 189-2524 and those objects 
wit h unavailable Ha/HB values have been left out of the plot. 
The iGarcia-Marm et al.l d 2009ah IFS observations cover the Ha 
- H/3 spectral range, and therefore, they were able to perform a 
detailed 2D reddening correction of the Ha emission from the 
galaxies in their sample. As is obvious from the figure, the cor- 
relation certainly improves. However, all the points in the figure 
still fall below the dashed line. After accounting for reddening 
effects, the mean and median values of the ratio SFRhq^/SFRir 
are 0.27 and 0.22. Overall, we conclude that the SFRs derived 
using the dereddened Lh^ generally underpredict those obtained 
using Lir by a factor of 4-5, indepently of the Lir of the sources. 
At this stage it is important to mention that the reddening cor- 
rection described in this section accounts only for foreground 
screen extinction and regions that are not completely optically 
thick. "Internal" extinction (i.e. dust in the photoionized nebula) 
or heavily obscured regions that are only visible in the far-IR 
are not taken into account when applying a reddening correction 
based on the Ha/H^ ratio. This would explain the lower values 
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of SFRna compared to those of SFRir even after correcting for 
reddening effects. 

6. Summary and Conclusions 

We presented a catalogue of the VIMOS continuum. Ha and Ha 
equivalent widths (EW) images of a sample of 3 1 LlRGs and 7 
ULlRGs (a total of 47 individual galaxies). The continuum im- 
ages trace the stellar emission, while the Ha images trace the 
ongoing star-formation activity and/or ionizing shocks. We per- 
formed a morphological study of the continuum and Ha images 
and compared the Ha and the IR luminosities as tracers of the 
star-formation activity. The main results are summarized as fol- 
lows: 

- The morphologies of the continuum. Ha and EW images: the 
morphologies of the Ha images are substantially different 
from those of the continuum images. The Ha images fre- 
quently reveal clumpy structures, such as Hll regions in spi- 
ral arms, tidal tails, rings, bridges, extended up to few kpc 
from the nuclear regions that are not visible in the contin- 
uum. The different morphologies are explained in terms of 
bright, extranuclear star-formation activity along the tidal 
tails or the spiral arms and/or ionizing shocks in the extra- 
nuclear extended regions (Colina et al. 2005, Monreal-Ibero 
et al. 2010, and references therein). 

We also compared the location of the surface brightness 
peaks in the continuum and the Ha images. For the majority 
of the objects in our sample (~80%) the peaks of the stellar 
and the ionized gas emissions are separated by less than 1 
kpc, with a median value of 0.2 kpc for the whole sample. 

- The concentration of the continuum and the ionized gas 
emissions and their connection with the dynamical status of 
the objects: we investigated the morphologies of the images 
on the basis of the concentration of the emission C2kpc, de- 
fined as the ratio of the flux contained within an aperture of 2 
kpc of diameter centered on the nucleus of the object, and the 
observed flux from the galaxy within the same physical scale 
for all galaxies in our sample. In the first place, we find that 
the fraction of the observed Ha emission from the central 
2 kpc is higher than that of the continuum for the majority 
(85%) of the sources used for the study presented here. 

If we concentrate on the Ha images, it is remarkable that 
62% of the objects in our sample have more than the half 
of their observed Ha emission (not corrected from extinc- 
tion) outside the central 2 kpc. This result further empha- 
sizes the importance of the extended star-formation activity 
in (U)LIRGs. 

On the other hand, we do not find clear evidence for a corre- 
lation between C2kpc and the IR luminosity of the sources. A 
possible explanation for this apparent lack of correlations are 
reddening effects. It is possible that objects with higher L(ir) 
have the star formation more concentrated towards the nu- 
clear region. However, it is likely that they also have higher 
dust concentrations towards these regions and therefore, the 
Ha emission measured in the central 2 kpc is not signifi- 
cantly higher than in objects with lower luminosities. Finally, 
our results suggests that the star-formation activity is more 
concentrated in objects classified as 1 or 2 than in those clas- 
sified as 0. However, samples with a greater number of ob- 
jects of each morhological class are required to confirm these 
result. 

- The Ha emission as a tracer of the star formation: we find 
that the SFRs derived using the Ha luminosities generally 



underpredict those obtained using the MFIR luminosities, 
even after correcting from reddening effects. 

This study shows the utility of the IFS technique for studying 
the structure of the stellar light, ionized gas and ongoing star- 
formation activity in LIRGs and ULIRGs. In future publications 
we will probe the full potential of our dataset by investigating 
other aspects such as ionization or kinematics. 
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Table 2. Typical flux-percentage error, offset^^' and C2kpc values for the (U)LIRGs in the VIMOS sample. Column (1): IRAS name. 
Column (2): Typical flux percentage error for aU the galaxies in our sample. Note that for some multiple systems two or even three 
VIMOS pointings were used to cover the emission from each individual galaxy of the system (see Sect. 3 and Fig. I for details). For 
these objects, typical flux percentage errors were estimated for each individual pointing (e.g. IRAS Fl 8093-5744). In the case of 
IRAS F09437+0317 two pointings were used to cover most of the emission from the northern source. The typical percentage error 
for each pointing is indicated in the table for this source. Column (3): the offsets in kpc between the peaks of the continuum and the 
Ha emissions. Column (4): the concentration C2kpc of the continuum emission for the galaxies in our sample defining as "total flux" 
the flux within the same physical region (6 kpc x 6 kpc) for all galaxies in our sample. Colunm (5) : same as Col. (1) but for the Ha 
images. Column (3): same as Col. (1) but using the entire FOV of our VIMOS images. Column (4): same as Col. (2) but using the 
entire FOV of our VIMOS images. 

The formal error associated to the C2kpc values in the table has been calculated using the typical percentage errors given in Col. (2). 
For IRAS F08424-3130, IRAS F12596-1529 and IRAS F09437+0317 (IC564) it is not possible to adequately measure C2kpc (see 
text for details). In addition, the low S/N of the continuum images in the cases of IRAS FOl 159-4443 and IRAS F06295-1735, 
important contamination by a bright star in the field for the central system of IRAS F18093-5744 and the presence of vertical 
patterns in the cases of IRAS F10567-4310 and IRAS F17138-1017, prevents any attempt to measure C2kpc for the continuum 
images of these five sources. 
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Table 3. Ha flux emission and derived quantities for the (U)LIRGs in the VIMOS sample. Column (1): IRAS name. Column (2): 
Ho- fluxes without reddening correction. An error of 20% is assumed for these values. Column (3): fraction of the observed Ha 
emission within a slit of width 2 arsec at PAs and 90° (see text for details). Column (4): E(B - V) for those objects with nuclear 
Ha/HyS measurements in the literature. The references for the nuclear data are those shown in Col. (10) in Tabl e 1 . For th ose objects 
with multiple references we have used the more recent one. Assuming a typical 10% for the Ha/H/? ratio (e.g. lVeilleux et al. 19991) 
we find that the formal error for the E(B - V) values in the table is 0.09. Column (5): The Ha flux values corrected from reddening 
effects. These values have been calculated using the E{B - V) values in Col. (4) to deredden the fraction of the flux within the slit 
and assuming no reddening outside the slit. The slit PA including the larger fraction of the Ha emission was used during the process 
(see text for details). Columns (6) and (7): the SFRs derived using the Ha luminosity (L//„) corrected from reddening effects, and 
the IR luminosity (Lir). 

° These objects were not observed under photometric conditions. 

The SFRiR values in the table refer to the whole system with the exception of IRAS Fl 8093-5744, for which the SFRir refer to the 
northern pair (IC4687/IC4686). In addition, there are no Ha/Hy6 nuclear measurements available for the southern galaxies of IRAS 
F06295-1735, IRAS F07027-601 1 and IRAS F18093-5744, and the eastern galaxy in IRAS F14544-4255. These galaxies were not 
used when calculating SFRetr. 

For these four galaxies, it is not possible to estimate precisely the contribution to the total Ha emission from each individual nuclei 
or galaxy. In these cases we used the average reddening value to correct from reddening effects. 
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Fig. 1. Top panel: DSS image of the galaxy. For those objects for which HST images are available in the Uterature these are used 
for the figure. The exceptions are IRAS F13229-2934 and IRAS F21453-3511. For these galaxies the HST image does not cover 
the entire emission from the galaxies and we prefered to use the DSS images. The box on the DSS or HST images indicates the 
VIMOS field of view, while the horizontal line in the bottom left of the same images corresponds to a scale of 10 kpc. Second panel: 
the continuum within the wavelength range 6390 - 6490 A (rest frame). Third panel: the Ha emission from the galaxy. Both the 
continuum and the Ho- maps are represented in logarithmic scale, and in arbitrary flux units. Fourth panel: Ha equivalent width 
(Ha-EW) in A. With the exception of IRAS F10567-4310 and IRAS F17138-1017, the peak of the continuum emission, identified 
as the nucleus of the galaxy, is indicated in all the maps with a "plus" sign. For these two galaxies the morphology of the continuum 
is less constrained because of the presence of vertical patterns (see text for details). In these cases the 'plus' sign corresponds to 
the location of the peak of the Ha emission. Note that two pointings were used to cover the full emission from the galaxy IRAS 
F09437+0317N (IC564), which ai-e refeiTed to in the figure as N(P1) and N(P2). 




. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 



F05 189-2524 




F06035-7102 (HST) 



2Q 10 -10 -20 

Continuum 



15 - 



10 - 



■o 5 - 



- 



-10 



I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I. 




I I I I I I I I I I I I I I I I I I I I I I I I I I- 



10 5 -5 -10 -15 



Hot 




10 5 -5 -10 -15 

EW(H0!) 



15 



10 



-5 
-10 



I I I I I I I I I I I I I I I I I I I I I I I I I I I 



1 



I I I I I I I I I I I I I I I I I I I I I I I I I I I 



10 5 -5 -10 -15 
iKx(arcaec) 




25 20 15 10 5 -5 -10 -15 -20 



Continuum 



20 H ' ' I ' ' ' LI ' ' ' ' I ' ' ' ' I ' ' ' ' I 



15 - 



10 - 



5 ^ 



- 



-5 - 



I I I I I I I I I 







1 1 1 1 1 1 1 1 1 1 1 1 1 



5 0-5 -10 -15 -20 




5 0-5 -10 -IS -20 
EW(HO£) 




. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 




. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 



F06259-4708 (HST) 




10 5 -5 -10 -15 10 5 -5 -10 -15 

Aa(arcsec) Aa(arcsec) 



. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 



19 



40 

30 

20 

-o 10 
w 

to 

^ -10 
-20 
-30 
-40 



F06295-1735 (DSS) 



■ It" 



J 



40 30 20 10 -10 -20 -30 -40 



Continuum 



15 - 



10 



-10 




10 5 -5 -10 -15 



Ha 




10 5 -5 

EW(Ha) 



-10 -15 




10 5 -5 
Aa(arcsec) 



-10 -15 



F06592-6313 (DSS) 




30 20 10 -10 -20 -30 

Continuum 



15 



10 



?! 5 



-10 



15 



10 




10 5 



?! 5 



-10 



10 5 -5 -10 -15 

EW(Ha) 




5 0-5 -10 -15 
Aa(arcsec) 



Fig. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 



15 - 



10 - 



5 - 



to — 



-5 - 



-10 - 



15 - 



10 - 



5 - 



to — 



-5 - 



-10 - 



15 



10 



to 



-10 



F07027-601 1 (HST) 




Continuum 



75 50 25 



N 




10 5 -5 -10 -15 

Ha 




10 5 -5 -10 -15 

EW(Ha) 




10 5 -5 -10 -15 
Aa(arcsec) 



15 



10 



E 5 



15 



10 



E 5 



15 



10 



" 5 



25 -50 

Continuum 




10 5 -5 

EW(Ha) 



10 5 -5 
Aa(arcsec) 



-10 -15 



-10 -15 



-10 -15 



. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 



21 



F071 60-621 5 (DSS) 



100 




08355-4944 (HST) 



-50 



-100 



-150 



100 SO -SO -100 -ISO 

Continuum 




1 1 1 1 1 I 



10 5 



-5 -10 -IS 



EW(HO£) 









30 20 1 -10 -20 -30 

Continuum 

15 U- I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' i 



10 - 



-s - 



-10 




I I I I I I I I I I I I I I I I I I I I I I I I I I I I' 



10 5 -5 -10 -15 



Hct 




10 5 -5 -10 -15 

EW(HC£) 



IS U- 1 ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I 



10 



-10 




"l I I I I I I I I I I I I I I I I I I I I I I I I I I 
10 5 -5 -10 -15 



Fig. 1. Continued 



22 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 




Fig. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 



F09022-3615 (HT5) 



FQ9437+Q317 (DS5) 



20 



10 



-10 



-20 



20 



10 -10 -20 

Continuum 




10 5 -5 -10 -15 



Hot 



10 



-5 - 



-10 - 



-15 



I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' 




■- I I I I I I I I I I I I I I I I I I I I I I I I I I I - 
10 5 -S -10 -15 



EW(Hq£) 




50 
25 


i -50 
-75 
-100 
-125 
-150 



100 75 5 25 -25 -50 -75-100 

Continuum 




10 5 -5 -10 -IS 

EW(H0£) 




. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 



_(0_ 

to 
< 




Continuum 



100 75 50 25 -25 -50 -75-100 

Continuum 



20 



10 ^ 



- 
-5 - 



N(pi) ^ 



15 10 



5 

Ha 



-10 



20 



15 



10 



H 

5 -r 




15 



10 5 

EW(Ha) 



-10 




10 5 
Aa(arcsec) 




loT 



5 - 

^ 

-5 - 

-10 - 

-15 - 




-10 -15 -20 

EW(Ha) 



-25 




-10 -15 -20 
Aa(arcsec) 



. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 



F1QQ15-Q614 (DS5) 




125 1 00 7 5 5 25 -25 -BO -75-100 

Continuum 



15 - 
10 '- 

I ^ ' 

o'- 

-5 - 
-10 - 



I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I 



I I I I I I I I I I I I I I I I 




5 0-5 -10 -15 -20 

EW(Hq£) 



15 



10 - 




-5 
-10 



I I I I I I I I I I I I I I I I I I I I I I I I I I I 



I 





-30 



30 20 10 -10 -20 -30 




10 5 -5 -10 -15 



Hct 




10 5 -5 -10 -15 
EW(HO£) 



15 



10 



-10 



I I I I I I I I I I I I I I I I I I I I I I I I I I 



I ■ ■ ■ ■ I ■ ■ ■ ■ I ■ ■ ■ ■ I ■ ■ ■ ■ I 



10 5 -5 -10 -15 
(K3t(arcaec) 



. 1. Continued 



26 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 




100 75 BO 25 -25 -50 -75 

Continuum 




10 5 -5 -10 -15 



Hat 




10 5 -5 -10 -15 



EW(Ha) 




10 5 -5 -10 -15 



iKx(arcaec) 

Fig. 1. Continued 



F1 0409-4556 (DSS) 




40 30 20 10 -10 -20 -30 -40 



Continuum 




10 5 -5 -10 -15 



Hct 




10 5 -5 -10 -15 



EW(H0£) 




10 5 -5 -10 -15 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 



27 




Fig. 1. Continued 



28 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 




Fig. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 




. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 



75 
50 
25 

-25 
-50 
-75 



F1 2596-1 259 (PSS) 



75 60 25 -25 -50 -75 

Continuum 



F13001 -2339 




-5 -10 -IS -20 -25 

EW(Ha) 





25 -25 -50 

Continuum 




Hct 




IS 



10 



10 S -S -10 -15 

EW(H0£) 

J_l I I I I I I I I I I I I I I I I I I I I I I I I I I 



I 




. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 31 




Aa(arcsec) 




Fig. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 




1Q 5 Q -5 -10 -15 10 5 -5 -10 -15 




. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 




. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 




75 5 2 5 -25 -50 -75 1 5 1 5 -5 -10 -15 -20 



Continuum Continuum 




-I I I I I I I I I I I I I I I I I I I I I I I I I I I I H C I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

10 5 -5 -10 -15 10 5 -5 -10 -15 



EW(HQ!) EW(H0£) 




iKx(arcaec) (K3t(arcaec) 

. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 



35 




Fig. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 




10 5 -5 -10 -IS 40 3 20 1 -10 -20 -30 -AO 



Continuum Continuum 




. 1. Continued 



J. Rodriguez Zaurin et al.:: VLT-VIMOS integral field spectroscopy of luminous and ultraluminous infrared galaxies. III. 



37 



Appendix A: Notes on individual sources 

The comments about the morphology of the object refer mainly 
to Fig. 1 in this paper All the comments referring to the line ra- 
tios in the extended regions of the systems are taken from Paper 
II. The derived ages for the ionizi ng stellar popu lations presented 
in this section are based on the Leitherer et alj ( 11999 ) (hereafter 
LH99) models , for solar metalicity, instantaneous starburst and 
ISalpeted (11955 ) IMF. Note that because the spectra were not cor- 
rected for stellar continuum emission, these ages represent upper 
limits. 

IRAS F01159-4443 (ESO 244-G012): this is an inter- 
acting pair with a nuclear separation (NS) of NS ~8.5 kpc. The 
northern galaxy has an optical spectrum of an Hll-galaxy, while 
the sout hern source is class i fied as ambiguous at optical wave- 
lengths dKewlev et al.ll200lblCorbett et alJl2003h . Owing to Hm- 
ited S/N, none of the extended emission seen in the DSS im- 
age is visible in our continuum image, where we only detect the 
brightest, nuclear emission. On the other hand, the Ha emission 
line map reveals several knots (probably associated with star for- 
mation) in the northern galaxy, while half a ring of a radius of 
1 .7-2.5 kpc is visible in the southern source. This image also re- 
veals a prominent bridge joining the galaxies towards the east of 
the system. In addition, several local peaks of emission are ob- 
served to the west, with the brightest ones approximately 6 and 
5 kpc from the northern and southern galaxy, respectively. This 
is one of the few galaxies in the sample fo r which a 2D study is 
already available in the literature ( Rampazzo et a l.ll2005h. which 
makes it a good test-case for the VIMOS data. Generally, our 
results are consistent with those presented there, although they 
less deep. 

IRAS 01341-3734 (ESO-297-G011/G012): these two 
galaxies are separated by ~25 kpc, which implies the need of 
two VIMOS pointings to cover the s ystem. According to the 
IR luminosity distribution provided in ISurace et alJ (l2004l) and 
re-scaling to our adopted distance, the northern galaxy would 
be outside the LIRG luminosity range (log(LiR/L0) = 10.65) 
while the southern one would remain as a LIRG (log(LiR/LQ) 
= 11. 06). The northern galaxy has a substantially extended con- 
tinuum emission that entirely covers our field of view. The Ha 
map of the source shows a "tightly wound spiral arm" of conden- 
sations and knots that is not visible in the continuum image and 
extends ~4 kpc from the nuclear region. The line ratios at the lo- 
cations of the knots are typical of an HII region, which is also the 
case of the nuclear spectrum dKewlev et al .' 2001 ; Corb ett et afl 
l2003i) . Using the values of the Ha equivalent widths (60 S Ha- 
EW < 140 A) and the LH99 models we derived ages for the 
stellar populations at these locations in the galaxy of t ; 6.5 
Myr. 

In the southern galaxy, the Ha emission is oriented perpen- 
dicular to its major axis forming two plumes. As suggested by 
iDopita et alj (2002), this can be interpreted as if the gas were be- 
ing blown out in the polar direction like in M 82. This galaxy is 
also classified as an Hll-galaxy at optical wavelengths. The Ha 
equivalent width values in the nuclear region, and therefore the 
derived ages for the stellar populations, are similar ages to those 
found in the northern source. 

IRAS 04315-0840 (NGC 1614): this is a well studied, late 
merger, with bright, spiral structures at scales of few kpc (1- 
3 kpc). In addition, the ACS HST image of the galaxy shows 
relatively faint extended emission, with a loop-like feature to 
the southeast of the system and a tidal tail that is extended ~ 
1 arcmin (20 kpc) to the southwest of the nuclear region. The 
Ha image of the source, sampling the central ~9.5 x 9.5 kpc^. 



shows several knots and condensations extended over the spiral 
arm to the east of the system, which is the faintest in continuum 
emission. These knots are clearly visible in the Ha-EW image, 
where additionally a ring-like structure emerges surrounding the 
nuclear region (diameter, d ~ 0.7 kpc). Th e presence of this ring 
of star formation was already reported by lAlonso-Herrero et al.l 
(2001) in their HST NICMOS detailed study of a sample of this 
LIRG. This galaxy has been classified as an Hll-galaxy at all 
wavelengths studied (Veilleux et al. 1995; Alonso Herrero et al. 
2001; Corbet et al. 2003), and the line ratios at the location of 
the ring are consistent with photoionization by stars. Using the 
Ha equivalent width values at these locations (100 5 Ha-EW 5 
190 A) and the LH99 models, we derived ages of t ; 6 Myr for 
the stellar populations at these locations in the galaxy. 

IRAS 05189-2524: according to our VIMOS images, this 
ULIRG is a compact object, especially as seen in the Ha emis- 
sion line map. Low surface brightness tidal structures extending 
up to ~ 12 kpc from the nuclear region, are seen in the HST ACS 
images of the galaxy. The nuclear optical spectrum of the galaxy 
is that of a Sy2 galaxy. 

IRAS 06035-7102: this is a double system with a nuclear 
separation of ~9 kpc. The peaks of the continuum and the Ha 
emission have an offset of 1 and 1 .4 kpc for the eastern and the 
western sources respectively. Both the continuum and the Ha 
images show a prominent tidal tail to the NE of the system ex- 
tended ~21 kpc, which coincides with the location of several 
knots and condensations seen in the HST WFPC2 image. This 
galaxy is classified as a ULIRG and therefore excluded in the 
study of the ionization mechanisms in the extended reg ions of 
LIRGs presented in Paper II. However. iDuc et al] dl997h classi- 
fied this galaxy as an Hll-galaxy in their long-slit spectroscopic 
study of a large sample of 24 ULIRGs. If we assume that the 
knots observed along the akeady mentioned tidal tails are re- 
gions of enhanced star formation, which is a reasonable assump- 
tion, we can use the Ha equivalent width values at these loca- 
tions to estimate an age of the stellar populations. We find Ha 
equivalent width values of 75 < Ha-EW < 120 A, which corre- 
sponds to ages of t ; 6.5 Myr. 

IRAS 06076-2139: this system consists of two galaxies in 
interaction with a rather complex morphology. The HST image 
of the source shows a ring of a diameter of ~ 8 kpc surround- 
ing the nuclear region of the sourthern galaxy, while relative 
faint, extended emission is observed on both sides of the north- 
ern galaxy. The ring feature is clearly visible in the Ha image. 
A detailed study of the galaxy us ing the current VIMOS dataset 
was already presented in lArribas e t al. (2008). The authors found 
that although thet interact, it is unlikely that these two galaxies 
finally merge. The southern nucleus, as well as the ring and the 
external clumps, has Hll-like line ratios. The derived ages for 
the stellar populations at these locations are 1 5 10 Myr The two 
clumps of ionized gas emission observed to the west of the sys- 
tem similar properties to that of TDGs candidates detected in 
ULIRGs (Monreal-Ibero et al. 2007; Arribas et al. 2008). 

IRAS 06206-6315: the HTS WFPC2 image of the system 
shows a double nuclei structure (NS ~ 4.3 kpc) that is also vis- 
ible in the VIMOS continuum, and even more clearly in the Ha 
image. The latter shows a tidal tail starting in the north and bend- 
ing towards the southeast, which contains a local peak of emis- 
sion. IRAS 06206-6315 is classified as a ULIRG and has an 
optical spectrum of a Sy2 galaxy. 

IRAS F06259-4708 (ESO 255-IG007): two VIMOS point- 
ing were used during the observation of this triple system. The 
two brightest galaxies, are separated by a distance of ~11 kpc. 
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while the third one is located at ~15 kpc towards the southeast 
of the main pair. The central galaxy presents two prominent spi- 
ral arms/tidal tails in the HST ACS images, which can be also 
delineated in both our continuum and Ha VIMOS images, spe- 
cially the one for the ionized gas. The HST ACS image of the 
southern galaxy, which is the faintest in both the continuum and 
the Ha images, shows dust features crossing the galaxy body. 
Our VIMOS images show an offset between the continuum and 
the ionized gas emission of ~ 1 .4 kpc. High Ha equivalent width 
values (100 5 Ha-EW ; 290 A) are found in the circumnuclear 
regions of the northern galaxy, towards the west and the south 
of of the central galaxy and crossing the body of the southern 
source from north to south. The line ratios at these locations of 
the galaxies are consistent with photoionization by stars. We de- 
rive ages of t ; 6 Myr for the stellar populations located in these 
regions. 

IRAS F06295-1735 (ESO 557-G002): the DSS image of 
this barred spiral shows a companion galaxy ~42 kpc towards 
the south. Interestingly, neither the arms nor the b ar in the Ha 
image coincide with those in the continuum image. Corbett et alj 
(l2003h classified this galaxy as an Hll-galaxy in their long-slit 
spectroscopic study of LIRGs. Furthermore the line ratios at al- 
most all locations in the galaxy are consistent with photoion- 
ization by stars. However, owing to the poor sensitivity for the 
continuum image the values of the Ha equivalent width are rel- 
atively unconstrained. Therefore, no attempt was made to esti- 
mate the ages of the young stellar populations for this galaxy. 

IRAS 06592-6313: This spiral galaxy presents a condensa- 
tion in the Ha image outside its main body at ~3 kpc towards 
the north, which is not present in the continuum image. The op- 
tical, nuclear spectrum of this source is that of an Hll-galaxy 
(ICorbett et al . 2003). Moderate Ha equivalent width values (20 
< Ha-EW < 50 A) are found in the nuclear region, in the ex- 
treme of the eastern spiral arm and in the condensation to the 
north of the system. The derived stellar ages are t < 8 Myr 

IRAS F07027-6011 (AM 0702-601): this system consists 
of two galaxies separated by ~54 kpc. On the basis of its nu- 
clear spectrum, the northern galaxy is classified as a Sy2 at op- 
tical wavelengths jKewlev et al.ll200T ). The Ha image of this 
galaxy shows two spiral arms towards the north and south, as 
well as a chain of knots embedded within the main body of the 
galaxy, which are extended ~3 kpc towards the southwest. This 
chain structure is even clearer in the corresponding Ha equiva- 
lent width image, where it also extends towards the northwest of 
the galaxy. The location of these knots corresponds to regions of 
line ratios consistent with photoionization by stars. Using the Ha 
equivalentwidth values (100 < Ha-EW ; 175 A) and the LH99 
models we derive ages of t < 6 Myr for the stellar populations 
located in these knots. 

The Ha emission from the southern galaxy is more concen- 
trated than that of the continuum, and is associated with several 
circumnuclear condensations seen in the HST ACS images of the 
galaxy. There is no nuclear spectroscopic information available 
in the literature for this galaxy. The line ratios in the circumnu- 
clear region of the galaxy are typical of Hll-like regions. The Ha 
equivalent width values and the stellar ages at this location are 
similar to those found in the northern galaxy. 

IRAS F07160-6215 (NGC 2369): the VIMOS field of view 
covers the central 7x7 kpc^ of this spiral galaxy. Both the con- 
tinuum and the ionized gas images show irregular structures. 
Particularly, the Ha image, which is in itself substantially dif- 
ferent from the continuum image, is full of knots and conden- 
sations. The clumpy structures in the central 5 kpc visible in 



our Ha image are also observed in the high-resolutiori HST - 
NICMOS Paa image of the galaxy ("Alons o-Herrero et al.l2006l) . 
The regions with relatively high Ha equivalent width values (50 
; Ha-EW J 100 A) observed across the nuclear region and to 
the west of the system have line ratios consistent with photoion- 
ization by stars. The derived stellar ages are t 6.5 Myr. 

IRAS 08355-4944: the DSS and our VIMOS continuum im- 
age show a single nucleus galaxy with two tidal tails towards the 
north and the southwest of the system. However, a double nu- 
cleus structure (NS = 0.34 kpc) emerges in the high-resolution 
HST ACS images of this object. The morphology of the Ha im- 
age is very different from that of the continuum. A tidal structure, 
with a slightly different orientation than the tidal tails observed 
in the continuum, is visible to the north of the system. The ACS 
images present two condensations to the west, which are asso- 
ciated with a relatively bright area in the Ha map. Substantially 
high Ha equivalent width values (140 < Ha-EW 5 250 A) are 
observed in the circumnuclear region of the galaxy. The line ra- 
tios at this location are typical of Hll-like regions. Using the 
LH99 models, we derived stellar ages of t< 6 Myr 

IRAS 08424-3130 (ESO 432-IG006): the Digital Sky 
Survey (DSS) image of the galaxy shows a pair of spiral galax- 
ies (NS ~ 9 kpc) in interaction, with tidal structures such as a 
bridge of emission between the two systems and a prominent 
tidal tail towards the southwest of the southern galaxy. Only part 
of the nuclear region of both galaxies is covered by our VIMOS 
field of view. The regions with high Ha equivalent width values 
(Ha-EW ~ 35 A) observed in the nucleus and to the east of the 
nuclear region in the southwestern source have line ratios typ- 
ical of Hll-like regions. The ages derived for the young stellar 
populations at these locations are t ; 7 Myr. 

IRAS F08520-6850 (ESO 60-IG016): the HST ACS image 
of this object shows two disk galaxies in interaction, which is 
consistent with the morphology observed in both our continuum 
and the Ha images. Owing to the several dust features crossing 
the main body of the western source in the ACS image it is hard 
to decide the location of the nucleus in this galaxy and therefore 
to estimate a nuclear separation. This dust obscuration would ex- 
plain the relatively faint continuum and Ha emissions from this 
galaxy. In the eastern source, there is an offset between the peaks 
of the continuum and the ionized gas emission of ~ 1.9 kpc. Note 
that the Ha image shows a small tidal structure towards the south 
of the system that is not visible in continuum emission. The 
higher Ha equivalent width values are concentrated in the nu- 
clear region of the eastern galaxy, where they reach values as 
high as 410 A. However, this region is not included in the study 
presented in Paper II and we did not find spectroscopic infor- 
mation of the source in the literature. Therefore, no attempt to 
estimate stellar ages was made for IRAS F08520-6850. 

IRAS F09022-3615: no tidal features are seen in the 
VIMOS images of this source, which is classified as a ULIRG. 
However, both the DSS and the HST ACS images show a promi- 
nent tidal tail that emerges from the south and bends towards 
the east forming a semicircular structure of about ~45 kpc. In 
addition, the ACS image of the source reveals a complex nu- 
clear structure, with several knots and condensations. Our Ha 
image shows a rather simple structure, with the bulk of the emis- 
sion concentrated in the nuclear region. Two regions with high 
Ha equivalent width values (~ 170 A) are observed immediately 
to the east and west of the nucleus, indicated with a cross in 
the VIMOS images. Classified as a ULIRG, this source was not 
included in the work presented in Paper II. In addition, no nu- 
clear spectral classification was found in the literature for this 
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object. Therefore, no attempt to estimate stellar ages was made 
for IRAS F09022-3615. 

IRAS F09437+0317 (IC563/IC564): this is a system of two 
galaxies (north:IC564/south:IC563) with a nuclear separation of 
NS ~ 39 kpc. Three VIMOS pointings were required to cover 
most of the emission from the system. IRAS F09437+0317 is 
a LIRG but each individual galaxy falls outside the LIRG lu- 
minosity range. For the adopted distance, the logarithms of the 
infrared luminosities in solar units are 10.90 and 10.95 for IC563 
and IC564 respectively (ISurace et al ] l2004h . The continuum and 
the Ha images show marked differences for both galaxies. For 
IC563, a bar is detected in our continuum image at RA~45'', al- 
though it is not as well traced in the Ha image. The Ha emission 
from this galaxy is concentrated in the extremes of the bar, to the 
northwest and the southeast of the nuclear region. Indeed, the 
peak of the Ha emission, which is located to the southeast of the 
system, has an offset of ~4 kpc which respect to the maximum of 
the continuum emission. High Ha equivalent width values (150 
; Ha-EW ; 215 A) are measured in the extremes of the bar, 
and towards the north of the galaxy. The line ratios at these lo- 
cations are typical of Hll-like regions. Using the LH99 models, 
we derived stellar ages of t< 6 Myr 

In the northern galaxy (IC564), two pointings sample the 
northeast and the southwest of the galaxy, and are referred to as 
northern pointing 1 and 2 (NP(1) and NP(2)) in Fig. 1. The peak 
of the Ha emission is located ~6.5 kpc to the east of the nuclear 
region (both the peak of the continuum and the Ha emission 
fall in the northeastern pointing). The Ha image shows several 
concentrations of emission extended throughout the entire body 
in the galaxy. Equivalent width values in the range 60 5 Ha- 
EW ; 140 A are found towards the east and southwest of the 
galaxy. The line ratios at these locations in the galaxy are con- 
sistent with photoionization by stars. Using the LH99 models, 
we derived stellar ages of t ; 6.5 Myr. 

IRAS F10015-0614 (NGC 3110): this galaxy shows two 
well defined spiral arms in the DSS image. The spiral arm ex- 
tended from the east to the south of the galaxy falls outside our 
field of view. The Ha emission from the galaxy shows clumpy 
structures to the west and the northeast of the nuclear region ex- 
tend ed through the spiral arms, w hich is also visible in Paa emis- 
sion (lAlonso-Herrero et al.l2 006). Ha equivalent widths ranging 
from 100 A up to values as high as 266 A are found coinciding 
with the location of such clumpy structures. The derived ages for 
the stellar populations in these regions are t ; 6 Myr However, 
note that because of the low S/N of the continuum image in this 
particular case the values of the Ha equivalent width are less 
constrained. Finally, the DSS image shows a companion galaxy 
observed ~37 kpc towards the southwest, whose with might be 
interacting. 

IRAS F10038-3338 (IC2545): the ACS image of the galaxy 
shows two close (NS ~ 0.6 kpc) nuclei as well as two prominent 
tidal tails bending from the east towards the north and from the 
west towards the south respectively. This last tail seems to be as- 
sociated with a relatively bright region in the Ha emission line 
map. However, because of S/N limitations, these tidal structures 
are not visible in our continuum map. High Ha equivalent width 
values (110 $ Ha-EW ; 140 A) are found confined to a small 
region of few spaxels immediately towards the southeast of the 
nucleus in our VIMOS images (marked with a cross). The line 
ratios at this location are that of an Hll-like region, and the de- 
rived ages for the stellar populations are t ; 6 Myr. 

IRAS F10257-4338 (NGC 3256): the HST ACS image 
of the galaxy shows extended emission up to ~30 kpc from 



the nuclear region. In addition, a rather complex structure 
emerges in the center of the galaxy, with several knots, con- 
densations, and other tidal structures. This complex structure 
is also clearly visible in our VIMOS ima ges, which samples 
the cent ral ~6 x 6 kpc ^ of th e galaxy. iLfpari et al] (|2004|) 
and Alo nso-Herrero et al.l (l2006h presented ESO-NTT and HST 
WFPC2-WF2 Ha, and Paa images of the galaxy, which show 
clumps located to the east and west of the nuclear region. These 
knots are also visible in our Ha images and moreover, in the cor- 
responding Ha equivalent width image of the galaxy. The line 
ratios at the location of these knots are consistent with photoion- 
ization by stars. Using the Ha equivalent width values, which 
are indeed remarkably high (200 J Ha-EW ; 280 A) and the 
LH99 models, we estimate an age of t ; 5 Myr for the stellar 
populations in these knots. 

IRAS F10409-4556 (ESO 264-G036): this is an isolated 
barred spiral galaxy as seen in the DSS image. The bar is visi- 
ble both in the continuum and Ha images at PA.^TO". On the 
other hand, the spiral arm towards the north of the galaxy is only 
detected in the ionized gas map. The southern spiral arm falls 
mostly outside the VIMOS field of view. There are two relatively 
symmetric regions with enhanced Ha emission associated with 
the bar structure. In addition, a notable increase of the ionized 
gas emission is also observed in the extreme of the spiral arm ex- 
tended to the north of the galaxy. These regions have line ratios 
consistent with that of Hll-like regions, and therefore trace the 
location of ongoing star-formation activity. The Ha equivalent 
width values are 30 ; Ha-EW ; 90 A and Ha-EW ~ 160 A for 
the regions associated to the bar and the spiral arm respectively. 
Using the LH99 models, we obtain ages of t ; 6 and ; 5 Myr 
for the young stars at these locations in the galaxy. Owing to the 
low signal of the continuum image in the extreme of the north- 
ern spiral arm the Ha equivalent width values at that location are 
less constrained. 

IRAS F10567-4310 (ESO 264-G057): the DSS image of 
the galaxy shows a spiral structure with two spiral arms to the 
east and west of the nuclear region. The image also shows what 
might be a bar structure crossing the nuclear region at P.A.~ 10° 
and an additional extended emission to the southeast of the 
galaxy. Unfortunately, the the data-cube of IRAS F10567-4310 
showed vertical patterns over the entire field of view. Possibly 
due to a non-linear effect, it was not possible to remove these 
patterns during the reduction process. However, these patterns 
are only important if the S/N is low, and therefore, although they 
affect the morphology of the continuum (and the corresponding 
Ha-EW) image, they have no effect on the Ha emission map. 
The Ha image shows a rather complex morphology, with an 
impressive "tightly wound spiral arm" extended over the entire 
VIMOS field of view (-10 x 10 kpc^). 

IRAS F11255-4120 (ESO 319-G022): this is a barred spi- 
ral with a ring extended up to ~4 kpc from the nuclear region, 
clearly detected in our Ha image. Interestingly, the orientation 
of the bar seen in continuum emission (P.A.~ 110°) is differ- 
ent from that of the ionized gas emission (PA. ~ 150°). Several 
knots, along the ring structure, are observed in the Ha and the 
Ha-EW images. The line ratios measured over the entire ring are 
consistent with photoionization by stars. The Ha-EW values at 
the location of the knots are ; 100 A , being as high as 348 A. 
Using the LH99 models we obtain ages t J 6 Myr for the stellar 
population located in this ring of star formation. 

IRAS F11506-3851 (ESO 320-G030): the DSS image of 
the galaxy shows an overall spiral structure with extended emis- 
sion over ~ 30 kpc. Our VIMOS images covers the central 
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~ 6 X 6 kpc^. The Ha image shows four concentration of ion- 
ized gas emission towards the north and the northwest of the 
nuclear region. In addition, a ring structure, not detected in the 
continuum image, emerges in the Ha, and moreover, the Ha- 
EW image. The prese nce of this ring was already reported by 
lAlonso-Herrero et alj (|2006) in their study of NICMOS-Paa im- 
ages of LIRGs. The line ratios over such a ring structure are 
typical for Hll-like regions. High Ha-EW values (100 ; Ha- 
EW 5 150 A) are found for the knots observed within the ring, 
revealing the location of a stellar population of an age of t ; 6 
Myr. 

IRAS 12043-3140 (ESO 440-IG058): this system consists 
of two merging galaxies with a separation of ~6 kpc. The north- 
ern galaxy is very compact and has an optical spec trum that is 
a mix between LINER and HII (ICorbett et al. 2003). The south- 
ern source presents several knots in the continuum and Ha maps 
as well as two tidal plumes that are visible in the correspond- 
ing DSS image. The knots are aligned forming what seems to be 
a ring-like structure as seen in the Ha-EW image. This galaxy 
is spectroscopically classified as an H ll-galaxy at op tical wave- 
lengths, and the radio observations of (ICondon et al.iil996) sug- 
gest that it dominates the far-IR emission. The Une ratios ob- 
served throughout the "ring structure" are consistent with pho- 
toionizations by stars. Ha-EW values (50 5 Ha-EW 5 110 A) 
are found through the "ring structure" in the southern source. 
Using the LH99 models, we derive ages for the stellar popula- 
tions at these locations of t J 6.5 Myr. 

IRAS 12115-4656 (ESO 267-G030): This galaxy, which is 
includ ed in the catalog of interacting galaxies of lArp & Madord 
( Il987h . might be interacting with IRAS 12112-4659, located ~ 
260 arcsec (97.5 kpc) to the southwest of the system. A promi- 
nent spiral arm/tidal tail is observed to the northwest of the 
galaxy in the DSS image of the object, but not detected in the 
VIMOS continuum or Ha images. The Ha image shows a con- 
centration of the emission towards the nuclear region, while a 
ring structure emerges in the corresponding Ha-EW image. The 
line ratios over the whole extension of the ring are consistent 
with those of Hll-like regions. Using the values of the Ha-EW, 
ranging from 30 A to values as high as 107 A to the south of the 
nucleus, we derived ages of t ; 6.5 Myr for the stellar popula- 
tions within this star-forming ring. 

IRAS 12116-5615: this is one of the few objects for which 
the morphological classification is controversial. The overall 
structure of the galaxy is substantially symmetric, which would 
be in favor of morphological class 0. However, the HST ACS 
image of the galaxy reveals a more complex nuclear morphol- 
ogy, with a bright structure emerging from the east of the nu- 
clear region and bending towards the northwest of the system. 
It is possible that this complex, nuclear structure is related to a 
past/recent interaction, in which case this galaxy would be clas- 
sified as type 2, our preferred morphological classification. 

The Ha image of the source shows a compact morphology, 
with most of the emission concentrated in the central 3x3 kpc^ 
region. Since no nuclear optical diagnostic was found for this ob- 
jects and the nuclear regions of the system were excluded from 
the work presented in Paper II, no attempt was made to estimate 
the ages of the young stellar populations for this galaxy. 

IRAS 12596-1529 (MGC-02-33-098): the DSS image of 
this source shows a distorted, elongated morphology along 
P.A.~65° with diffuse emission to the northwest of the galaxy, 
which falls outside our VIMOS field of view. This galaxy is 
interacting with MCG-02-33-099, -115 arsec (~37kpc) to the 
southeast of the system. IRAS 12596-1529 was misclassified 



as 2 in Paper I. A double nucleus structure is not clearly visi- 
ble in the DSS image, the presence of two nuclei separated by 
~12 arcsec (NS ~ 3. 8 kpc) has already been reported in the 
past by other authors dVeilleux et al.lll995t iKewlev et al]l200ll: 
lAlonso-Herrero et al.l l2006l) . and therefore, the galaxy is mor- 
phologically classified as 1 . 

Most of the Ha emission from the system is concentrated 
around the two nuclei, coinciding with the location of high 
Ha-EW values (100 ; Ha-EW 5 130 A). Both nuclei are also 
spectroscopically classified as Hll-like regions at optical wave- 
lengths. (Veilleux et al. 1995; Corbettetal. 2003). Using the 
LH66 models we derived ages of t; 6 Myr at these location 
in the system. 

Finally, it is important to mention that the data cube of IRAS 
F12596-1529 showed vertical patterns within a region to the east 
of our VIMOS FOV In this case these vertical patterns are due 
to an incorrect fiber tracing during the reduction and affects both 
the continuum and the Ha maps. After substantial experimenta- 
tion, it was not possible to entirely correct for this effect during 
the reduction process. 

IRAS F13001-2339 (ESO 507-G070): the DSS image of 
the source shows a relatively small (tidal?) structure towards the 
northeast of the main body of the galaxy, which is in itself rather 
symmetric. In addition, the high resolution HST ACS image of 
the galaxy also shows a second high surface brightness region 
~ 4 kpc towards the southwest of the nuclear region. Although 
this region could be identified as a secondary nucleus, it has no 
associated extended structure, and it seems more like a massive 
star-forming region. At this stage, it is straightforward to under- 
stand that it is not trivial to classify this object as 0, 1, or 2. Our 
preferred classification for IRAS F13001-2339 is as type 2. 

A hint of this already mentioned secondary bright concen- 
tration is visible in our continuum image, but it disappears in 
the image tracing the ionized gas emission. In addition, the Ha 
image of the galaxy shows a small structure extending ~4.5 
kpc to the northwest of the nuclear region. The optical, nuclea r 
spectrum of the source is that of a LINER (ICorbett et al.ll2003h . 
which is also consistent with the line ratios found in the extended 
regions. 

IRAS F13229-2934 (NGC 5135): the HST WFPC2 image 
the galaxy shows a spiral structure, with several clumps in the 
nuclear region and relatively faint emission extending up to ~40 
arcsec (~ 11 kpc) to the southeast of the galaxy. The spiral 
structure is still distinguishable in our VIMOS continuum im- 
ages. The morphology of the ionized gas emission is substan- 
tially different than that of the continuum, with some filaments 
extending towards the west of the galaxy and a region of en- 
hanced emission coinciding with the nuclear clumps observed 
in the HST WFPC2 a nd NICMOS-Paa images of the source 
( lAlonso-Herrero et al.ll2006) . This region is better delineated in 
the Ha-EW image, where some clumps with high Ha-EW values 
(90 ; Ha-EW ; 120 A) are also visible. Although the nuclear 
spectrum of the galaxy is that of a Sy2-galaxy, the line ratios 
found throughout this region are consistent with photoionization 
by stars. We derived ages of t ; 6 Myr for the stellar populations 
located in the already mentioned clumpy structures. 

IRAS F14544-4255 (IC 4518): this system is a merger be- 
tween two galaxies with a nuclear separation of NS ~ 12 kpc, 
which were observed separately using two VIMOS pointings. 
The eastern source is an elongated galaxy with a faint tail ex- 
tended towards the northwest of the system, as seen in the DSS 
image. The western source is more compact, although some ex- 
tended emission is also observed towards the northwest of the 
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galaxy. In the western source, there is a knot of emission to the 
south of the nuclear region, also observed in our VIMOS con- 
tinuum image. This is spectroscopically confirmed as a late type 
(G) star in our Galaxy. The morphology of the ionized gas emis- 
sion observed for the western galaxy is consistent with that of 
the continuum emission. However, this is not the case for the 
eastern source. For this galaxy the region of the major enhance- 
ment of Ha emission to the southeast of the galaxy corresponds 
to a region with substantially faint continuum emission. Indeed, 
the peak of the ionized gas is located ~ 2.5 kpc to the southeast 
of the peak of the continuum emission. 

The optical spectrum of the western source is that of a Sy2. 
On the other hand, no nuclear spectroscopic classification was 
found for the eastern galaxy. However, the line ratios found to- 
wards the southeast of the galaxy are consistent with photoion- 
ization by stars. Using the Ha-EW values (90 5 Ha-EW ; 
140 A) at this location we estimate stellar ages of t ; 6 Myr. 

IRAS F17138-1017: the HST ACS image of the source 
shows an overall symmetric, spiral morphology, based on which 
the galaxy would be morphologically classified as 0. However, 
the image also shows a rather complex structure in the central 
regions, where some condensations and dust lanes are observed. 
Furtthermor e, a double nuc leus structure emerges in the 3.4yum 
image of Zh ou et al. l (fT993l) . with a nuclear separation of NS ~ 1 
kpc. The adopted morphological class for this galaxy is type 2. 

Unfortunately, the data-cube of IRAS F17138-1017, as in 
the case of IRAS F10567-4310, showed vertical patterns over 
the entire field of view. As mentioned before, these residuals are 
only important if the S/N is low, and therefore, although they 
affect the morphology of the continuum (and the corresponding 
Ha-EW) image, they have no effect on the Ha emission map. 
Interestingly, the Ha image of the galaxy shows a very differ- 
ent morphology than the one observed in the HST ACS image. 
The structure of the ionized gas is substantially compact, with no 
signs of spiral structure and is concentrated towards the central 
region. In general, this is cons istent with the structure obs erved 
in the Paa image of the galaxy dAlonso-Herrero et al.l2006h . The 
latter also reveals the presence of knots and condensations in the 
nuclear region. 

IRAS F18093- 5744: this system consists of three galaxies 
in interaction (,Wesi[T976l) . of which each individual galaxy was 
observed separately. The nuclear separations between the north- 
ern (IC 4687) and the central galaxy (IC 4686) and between 
the central and the southern galaxy (IC 4689) are NS ~10 kpc 
and ~20 kpc respectively. The IRAS pointing in ce ntered on the 
northe rn pair (IC4687/IC4686). Using the results ofl Surace etal] 
(12004 and re-scaling to our adopted distance we derived an in- 
frared luminosity of log(LiR/Lo) = 11 .49 from these two galax- 
ies. Bearing in mind that the total log(LiR/LQ) is 1 1.57, the con- 
tribution to this quantity from the southern source is log(LiR/L0) 
= 10.79. The HST ACS image of the system shows a spiral-like 
morphology for IC 4687, with several knots and concentrations 
in the nuclear region. On the other hand, IC 4686 appears to be 
a very compact object, whose continuum emission is contami- 
nated by a late type star (G or K) in our galaxy. In addition, the 
HST ACS image shows extended emission clearly linking the 
galaxies IC 4687 and IC 4686. In the case of IC 4689, a spiral 
morphology is observed in the HST ACS image, without clear 
evidence of strong interaction. 

The Ha map of IC 4687 shows three main regions of en- 
hanced ionized gas emission corresponding to the center of the 
galaxy and other two regions immediately to the north and south 
of the nuclear region. The high-resolution HST-NICMOS Paa 
image of the galaxy reveals that these regions correspond to 



several knots and condesations onso-Herrero et al ] l2006h . In 
addition, a fourth region is observed to the southwest of the 
nucleus, although with weaker Ha emission. In IC 4686 the 
Ha emission from the source is highly concentrated in the nu- 
clear region of the galaxy. Ionized gas emission is also ob- 
served extending towards the north-west of the nuclear region. 
This emission seems to delineate the continuum, extended emis- 
sion seen in the HST image, linking this galaxy with IC 4687. 
Both IC 4687 and IC 4686 have been cla ssified as HII galax- 
ies on the basis o f their nuclear spectra dKewlev etal.M2001l: 
ICorbett et al.ll2003l) . Additioanlly all extranuclear regions with 
enhanced emission have line ratios consistent with an Hll-like 
region. Therefore, using the LH99 models and the extremely 
high Ha-EW values (200 ; Ha-EW > 420 A) we derive ages of 
t ; 5 Myr for the stellar populations at these locations. Finally, 
the Ha image of IC4689 shows a region of enhanced emission 
crossing the galaxy from the southeast to the northwest of the 
galaxy, with some clumps in the extremes, and towards the cen- 
ter of this region. Although no nuclear spectral classification is 
available for this source, the clumps are located in regions with 
line ratios typical for HII regions. The Ha-EW values found at 
these location are ~100 Aand the corresponding derived stellar 
ages are 1 5 6Myr 

IRAS F21 130-4446: this ULIRG has been already identi- 
fied in the past as a do uble nucleus system with a nuclear sepa- 
ration of NS = 5.4 kpc (iPasvra et al.l2006l) . The HSTWFPC2 of 
this source shows a complex morphology, with several knots and 
condensations distributed over the entire body of the galaxy. The 
two brightest condensations seen in the HST image are located 
in the central and northern regions and are likely associated with 
the nuclei of the two merging galaxies. However, owing to the 
peculiar morphology of the galaxy, it is hard to locate the exact 
position of the two nuclei. The peak of the continuum emission 
in our VIMOS image coincides with the location of the north- 
ern condensation. Interestingly, the most intense Ha emission 
is observed in the central region of the system, coinciding with 
the location of the central condensation seen in the HST image. 
iFarrah et~an (|2003) found that star-formation activity is respon- 
sible for most of the Lir of this source. Using the high Ha-EW 
values (200 ; Ha-EW ; 400 A) found at this location, and the 
LH99 models we derive ages of t ; 5Myr for the stellar popula- 
tions. 

IRAS F21453-3511 (NGC 7130): the DSS image of the 
galaxy shows a relatively asymmetric morphology with extended 
emission over ~35 kpc. The central 10 x 10 kpc- are covered by 
the VIMOS field of view. The high-resolution HST WFPC2 im- 
age reveals a nuclear spiral structure, with two spiral arms to 
the north and south of the nuclear region. Such a spiral structure 
is also visible in our continuum, and moreover, our Ha image. 
However, note that the extreme of the southern spiral arm seen 
in the HST is not covered by our field of view. 

Both our Ha and the Paa image of the galaxy 
( Alonso-Herrero et al. 2006) show that the ionized gas emission 
is concentrated in the nuclear region and the northern spiral arm. 
The nuclear, optical spectrum of the source shows a mix between 
LJNER- and Sy-like features (IVeilleux et al.lll995HCorbett et al.l 
120031) . On the other hand, the spiral arms have line ratios typ- 
ical of Hll-like galaxies, and therefore it is possible to use the 
Ha-EW values to estimate the ages of the stellar populations at 
these locations. Although values of ~60 A are found over the 
entire spiral structure, the higher values are concentrated in the 
northern spiral arm. The Ha-EW values at that location are 100 
; Ha-EW ; 270 A, and the derive ages are t ; 6Myr. Finally, 
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it is worth mentioning that this remarkable concentration of Ho- 
emission in the northern spiral arm is perhaps indicative of a past 
(minor?) interaction that has enhanced the star-formation activ- 
ity. 

IRAS F22132-3705 (IC5179): our VIMOS images sample 
the central ~7 x 7 kpc^ of this very extended (~30 kpc) spi- 
ral galaxy. The small concentration of continuum emission ob- 
served ~ 1 kpc to the n orth of the nucleus is a star in the field 
dAl onso-Herrero et all2 006). The morphology of the ionized gas 
emission is substantially clumpier than that of the continuum, 
with several knots and concentrations spread over the entire ex- 
tension of the galaxy covered by the VIMOS field of view. Such 
knots and condensations also observed i n the high-resolution 
HST -NICMOS Paff image of the galaxy dAIonso Herrero et all 
12006 ). The optical, nuclear spectrum of the galaxy is that of an 
Hll-galaxy. In addition, Hll-like line ratios are found at almost 
all locations in the VIMOS Ha image. Using the Ha-EW values 
(60 ; Ha-EW ; 140 A) and the LH99 models we derive ages 
of t ; 6.5 Myr for the stellar populations at these locations. 

IRAS F22491-1808: this is a double nucleus system with 
several knots and condensations located in both the nuclear re- 
gion and the tidal tails observed to the east and northwest of the 
system. Although the two nuclei are not clearly distinguishable 
at optical wavelengths, a double nucleus structure emerges at 
near-IR wavelength s, with a nuc lear separation of NS ~3 kpc 
jSurace et al. 200(51; iDasyra eFa l. 2006). Interestingly, our Ha 
image of the source shows a more compact morphology than that 
of the continuum, with no evidence for the already mentioned 
tidal tails. A small region with high Ha-EW values is observed 
immediately to the north-west of the nuclear region. This region 
coincides with the location of some of the knots observed in the 
HST ACS image. Bearing in mind that this s ource is classified as 
an Hll-galaxy at all wavelengths studied (e.g.'Genzel et al."l998l 
[Veilleux et al. 1999; Farrah et al. 2003; Imanishi et al. 2007), we 
use the Ha-EW values (Ha-EW ~ 150 A) and the LH99 mod- 
els to determine the age of the stellar populations found at this 
location. We obtain ages t< 6 Myr, which are co nsistent with 
the estimated ages obtained in the imaging study of ISurace et al.l 
(2000) for the knots at this location in the galaxy . 

IRAS F23128-5919 (AM 2312-591): this is a double nu- 
cleus system (NS ~4 kpc) with two prominent tidal tails to the 
north and southeast of the nuclear region that extends over ~ 45 
kpc. Our VIMOS image covers the central ~25 kpc of the galaxy. 
The double nucleus structure is clearly visible in both the contin- 
uum and the Ha image, although the tidal tails are not observed 
in ionized gas emission. In addition there is a third concentration 
of Ha emission to the east of the double nucleus structure. The 
optical spectrum of this galaxy sho ws a mix between LINER , 
Sy2 and Hll-like features (Due et al. ,T997HKewlev et al.l|200lb . 
This galaxy is classified as a ULIRG and therefore, was not in- 
cluded in the study presented in Paper II. Hence, no attempt was 
made to estimate the ages of the young stellar populations in 
IRAS F23128-5919. However, note that the concentration of 
Ha emission seen to the east of the system coincides with the 
location of the highest Ha-EW values obtained for all the galax- 
ies in our sample, with values as high as 850 A. 



